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HIS YEAR when you check over your laboratory 
reagent requirements, remember that Baker's, 
C. P. Analyzed Chemicals offer you a plus in 


packaging as well as in quality. 


Proud as Baker is of its packaging, prouder still is 
Baker of the contents of each bottle. Each analyzed 
label is a reliable guide to the chemist. It reflects the 
untiring work of the Baker research staff. It is Baker 
skill on display. 

So carefully has Baker kept faith with the chemist in 
universities and schools, with industry and the medical 
profession, that the foremost professors of chemistry 
acknowledge Baker’s Analyzed Reagents as repre- 


senting the acme of quality. 


Although Baker C. P. Analyzed Reagents are high 
in quality, they are not high in price. If you believe in 
fine working tools for your students, tools that always 
work with the student and never against him, get in 
touch with one of the laboratory supply houses han- 


dling Baker's C. P. Analyzed Reagents. 
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FREDERIC JOLIOT 


Frédéric, son of Henri, merchant, and Emilie Roederer Joliot, 
was born at Paris, March 19, 1900. Trained at the Ecole de 
Physique et de Chimie de la Ville de Paris, he received his engi- 
neering diploma in 1923. In 1925 he was appointed private 
assistant to Marie Curie at the Institut du Radium, and pub- 
lished studies of the alpha radiation of radioelements and the 
reflected rays. He was awarded the Licencie és Sciences in 
1927, and in 1930 was given the degree of Docteur és Sciences 
for his thesis on the electrochemistry of the radioelements. He 
continued his work at the Institut du Radium where he was 
made Assistant, then Maitre de Recherches du Fond National 
des Sciences, and (1935) Maitre de Conférences. 

Iréne, daughter of Pierre and Marie Sklodowska Curie, was 
born at Paris, September 12, 1897. Her special undergraduate 
training was in physics and mathematics. She was radiographer 
in hospital service during the War, and at its close became 
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IRENE JOLIOT CURIE 


assistant to her mother at the Institut du Radium. For her 
thesis on alpha rays of polonium she was awarded a Docteur és 
Sciences in 1925. At the Institut du Radium she was made 
Chef de Travaux (1932) and Maitre de Recherches du Fond 
National des Sciences (1935). 

M. Joliot and Mile. Curie were married October 9, 1926. 
Much of their work has been done together and published 
jointly. The most important contributions of this brilliant 
couple were: (1932) discovery of the ejection of atomic nuclei 
by neutrons and the conditions of excitation of neutrons by 
alpha rays in various elements; (1933) the conditions for pro- 


ducing positive electrons by gamma rays of great quantic energy; 
(1934) the artificial production of radioactive elements and the 
For this latter 


chemical proof of the transmutation of elements. 
work they were awarded the Nobel Prize in 1935. 
(Contributed by Ralph E. Oesper.) 


BOSTON UNIVERS. 
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EPORT OF THE A. C. S. COMMITTEE ON 
R HIGH-SCHOOL TEACHING OF CHEMIS- 
TRY. It is to be hoped that future develop- 
ments will eventually indicate the report of the Com- 
mittee on High-school Teaching of Chemistry, unani- 
mously adopted by the Council of the A. C. S., to have 
been one of the historically significant documents of the 
Kansas City meeting. Save for the acute poverty of 
space under which we labor, we should have sought per- 
mission to present that report in full in our pages. It 
is, however, available in the April 20th number of the 
News Edition of Industrial and Engineering Chemistry 
[14, 147-8 (1936)]. For a summary of the findings of 
other organizations which have previously studied the 
problem of high-school instruction, and of other sources 
of information consulted by the Committee, the reader 
is referred to the complete report; the recommenda- 
tions of the Committee, endorsed by the Council, follow. 
“In view of the foregoing your committee recom- 
mends that the American Chemical Society go on rec- 
ord as endorsing the following views originally recom- 
mended by the Committee on Required Courses in 
Education of the American Association of University 
Professors. 

‘J, ‘There is no reliable evidence that professional 
requirements have resulted in an improvement in sec- 
ondary instruction at all commensurate with the 
amount of the requirements.’ 

“2. ‘A considerable lowering in the requirements 
would result in economy and would not lessen the effec- 
tiveness of instruction in the high school. There is, in 
fact, reason to believe that, on the average, teaching 
would be improved through a possible increased knowl- 
edge on the part of the teacher, of the subjects he 
teaches or of related subjects.’ 

“3. ‘A maximum of twelve semester hours is ample 
to cover that part of professional training which can be 
regarded as essential for the beginning teacher who has 
a bachelor’s degree from a standard college or univer- 
sity, and who qualifies for teaching an academic sub- 
ject. The training should involve practice teaching 
and methods, the methods course being closely inte- 
grated with the practice teaching. Courses in psy- 
chology or educational psychology, when these are re- 
quired, should be counted towards the requirement.’ 

“In addition to these recommendations, your com- 
mittee further recommends: 

“4. That the American Chemical Society go on 
record as advising that the sequence in required ‘pro- 
fessional’ or ‘teacher training’ courses be so arranged 
that the entire sequence can be taken by advanced 
science students within one academic year. 





“5. That the American Chemical Society pronounce 
itself as opposed to ‘unrestricted certification’ of high- 
school teachers, by means of which teachers are at pres- 
ent teaching subject-matter courses in which they 
themselves have had no previous training, and in favor 
of ‘restricted certification’ whereby only those persons 
who have had a specified amount of collegiate training 
in a particular subject-matter field will be permitted to 
teach in that subject-matter field in high schools. 

“6. That the American Chemical Society go on 
record as emphatically asserting its belief that a pros- 
pective instructor should be required to present evi- 
dence of an adequate background in subject-matter 
courses before he or she is eligible for assignment to teach 
in that particular subject-matter field in high schools. 

“7. That the American Chemical Society express 
its belief that for such ‘restricted certification’ the mini- 
mum amount of collegiate course credit in the specific 
subject-matter field should not be less than the mini- 
mum amount of course credit which is required in ‘pro- 
fessional’ or ‘teacher training’ courses, and that for 
certification to teach chemistry a minimum requirement 
of courses through organic chemistry (because of its 
importance in life processes) is essential.” 





This month’s cover picture, entitled ‘‘Tools of Micro- 
chemistry,” shows Charles G. Van Brunt at the micro- 
scope. The picture illustrates a recent educational re- 
lease from the News Bureau of the General Electric Com- 
pany. Among the described applications of micro- 
chemical technic to industrial problems, the following is 
representative. 

“The serious scaling of certain chromium-alloy heating 
units on test at red heat was traced, through the aid of 
microchemisiry, to improper rinsing of the lubricant in 
the original manufacture. Traces of sodium, an ex- 
tremely destructive agent when heated with chromium- 
alloy materials in air, were found in the surface of the 
heating units. It was finally learned that the lubricant 
used contained a form of combined sodium which had 
broken down chemically to form a powerful alkali when 
the units were rinsed to clean them. The trouble was 


* remedied by a change of lubricant—a cause of difficulty 


that might not have been discovered without microchem- 
istry.” 
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The TEACHING of MICROCHEMISTRY’ 


GENERAL MICROCHEMISTRY 
A. A. BENEDETTI-PICHLER 


Washington Square College, New York University 


presentation of the technic used in the per- 

formance of chemical experiments on an essen- 
tially smaller scale than is usually employed in the 
chemical laboratory. In general, one may assume that 
10 to 50 mg. represents the upper limit of the amount 
of material used in microchemical work, while 0.0001 
mg. is at present to be considered as the smallest quan- 
tity of material which may serve as the object of a 
microchemical investigation. It is obvious that the 
technic of working and the methods of observation 
must vary with the quantity of available matter. 

Microchemistry has already contributed greatly to 
the progress of science, but one cannot expect it to do 
its proper share before the majority of research men 
(archeologists, biologists, chemists, geologists, etc.) are 
informed as to the possibilities of microchemical work. 
Specialized courses taken by experienced scientists 
serve, of course, for the dissemination of the ability to 
work with small quantities of material. It is, however, 
even more important to provide for the future genera- 
tions of scientists a general introduction to micro- 
technic, which will enable them to decide on the possi- 
bility of continuing research work on small quantities, 
and on the probability of success in doing so. Those 
of them who possess inclinations to this type of work 
and have the required imagination will also be able to 
develop the methods needed for the solution of their 
problems, and will do so with special success as they 
themselves understand better than anyone else the re- 
quirements of their own research. 

To serve the purpose just outlined, an introductory 
course in the micro-technic of chemistry must have the 
following features: (1) as many as possible of the im- 
portant and generally applicable working methods must 
be practiced by the student; (2) working methods 
applying to various quantities of material must be 
taught and the student must be brought by practical 
experience to the realization of the mperative necessity 
of closely correlating the technic, the sizes of the ves- 
sels, and their surfaces to the quantity of material to be 
handled at any stage of the work; (3) the student must 
work out problems (unknowns) which require the cor- 
rect application of this knowledge. Lastly, the course 
has to include a thorough, practical introduction to low- 


fj 3 ere deals with the systematic 


* Presented at the symposium on Recent Advances in Micro- 
chemical Analysis before the Division of Physical 4nd Inorganic 
Chemistry (Section B, Analytical Chemistry) at the eighty-ninth 
meeting of the American Chemical Society, New York City, 
April, 1935. 


power microscopy if the student does not possess this 
knowledge already. 

Furthermore, emphasis should not be laid in such 
introductory courses on the training of efficient, expert 
microanalysts, nor should the importance of the sensi- 
tivity of the tests and procedures be exaggerated. The 
most important thing here, as in science everywhere, is 
to obtain reliable results, and to check them by the ap- 
plication of a larger number of reliable methods. 

Teaching experience has furthermore shown that 
such courses present a unique possibility from a purely 
educational viewpoint. Professor W. C. MacTavish, 
Administrative Chairman of our Department of Chem- 
istry, authorized me in 1931 to give an introductory 
course in microchemistry to the undergraduate stu- 
dents. Up to date nearly 200 students have enrolled 
for this course. I am, therefore, able to speak from ex- 
perience and to support every one of the foregoing and 
the following statements without reservation. 

Erroneously, the improvement of the general work- 


ing technic is often attributed to the acquirement of 
some mysterious skill in the performance of experi- 


ments with small amounts of material. However, the 
most skilled human hands would be too clumsy to con- 
quer the world of small dimensions were it not for the 
mind which provides them with the proper tools. Ac- 
tually, the improvement in working technic is due to 
the fact that chemical work on a small scale enforces the 
acquisition of the scientific attitude that reason must 
determine every action, an attitude apparently so 
strange to human nature that it is rarely adopted 
merely on the advice of a teacher. In working with 
small quantities of material, however, the student is 
continuously compelled to give every operation careful 
consideration as to the proper choice and use of appara- 
tus. As a rule, thoughtless working or incorrect de- 
cisions will result immediately in complete loss of ma- 
terial, and thus render continuation of the experiment 
impossible. This enforced mental concentration on 
the problem at hand is the real factor which lends dis- 
tinction to the work from a purely educational view- 
point. 

We have also shown, by example, that such introduc- 
tory courses can be organized without great expendi- 
ture. The reagents and various small apparatus neces- 
sary cost less than the ordinary equipment given to 
students of chemistry. The only item which is worth 
mentioning is the cost of microscopes. However, one 
microscope is sufficient for two or three students, and 
only the most inexpensive microscopes (obtainable from 
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good firms for about forty dollars) are required. Only 
magnifications of 30X and 80X are used, thus eliminat- 
ing the necessity of condenser and fine adjustment. 
The stand should be rugged and should possess a high- 
quality rack and pinion for coarse adjustment, and a 
mirror which can be swung from left to right. Micro- 
balances are not required, since there is no necessity to 
include quantitative work in an elementary course. 


A. A. BENEDETTI-PICHLER AND W. F. SPIKEs, ‘“‘Introduction 
to the microtechnique of inorganic qualitative analysis,” Micro- 
chemical Service, Douglaston, L. I., N. Y., 1935. 


JourNAL OF CHEMICAL EpuCcATION 


A text* suitable for undergraduate students as well as 
for self-instruction has been prepared, which permits 
individual work of the students and reduces the work 
of the instructor, even with large classes, to some occa- 
sional suggestions. Motion pictures demonstrating 
the elementary procedures from the viewpoint of the 
experimenter himself are available, and may be used to 
speed up the work of the students. It hardly needs to 
be mentioned that the author and his co-workers will 
be glad to assist in the organization of courses in gen- 
eral microchemistry. 





The TEACHING of MICROCHEMISTRY’ 


QUANTITATIVE ORGANIC MICROANALYSIS 
JOSEPH B. NIEDERL 


Washington Square College, New York University 


ITH the introduction in 1925 (21) of quantita- 

tive organic microanalysis at the Washington 

Square College, New York University, the teach- 
ing of quantitative organic microanalytical methods 
was simultaneously taken up and was incorporated in 
1928 in the regular Graduate School chemistry curricu- 
lum. In the following a résumé of the teaching expe- 
rience since gained is attempted. 

The course at New York University was first organ- 
ized along the lines practiced in Pregl’s laboratory at 
the University of Graz (Austria), where the student, 
usually of the post-graduate type, 7. ¢., chemistry 
teachers, industrial chemists, etc., was taught indi- 
vidually the principles of weighing on a microchemical 
balance, then the more simple methods, and finally the 
carbon and hydrogen determination and the more spe- 
cial methods of determining molecular weight and 
molecular and atomic groupings. No special super- 
vision or control or time schedule arrangement was 
made and it was up to the individual to make the best 
of his time, which is usually from 4 to 6 weeks (24 to 36 
periods), approximately 8 hours a day, for the entire 
course. 

The course in quantitative organic microanalysis is a 
graduate course at New York University; consequently, 
only graduate students are accepted for this course, 
each holding either a B.Sc. or Ch.E. degree. These 
students have already finished their preliminary and 
more-or-less-uniform chemical education. Quantita- 
tive inorganic analysis is made prerequisite; no special 
consideration is given to whether or not the student is 
majoring in organic or any other branch of chemistry, 
as it was found that the training is beneficial for any 


* Presented at the symposium on Recent Advances in Micro- 
chemical Analysis before the Division of Physical and Inorganic 
Chemistry (Section B, Analytical Chemistry) at the eighty-ninth 
meeting of the American Chemical Society, New York City, 
April, 1935. 


student of the experimental sciences, whether physics, 
biology, or chemistry, since the student very soon real- 
izes the importance of exactness, cleanliness, and the 
painstaking following of experimental procedures. 
Deviations from these requirements certainly will 
prove fatal to obtaining acceptable results. The stu- 
dent gradually acquires what Pregl called the ‘“‘chemi- 
cal asepsis.”’ 

The course is given in the spring and lasts from the 
beginning of February until about the middle of May, 
about 14 weeks. Each student is required to reserve 
one full day a week for: the course, which thus gives 
each and every student 14 periods. For each and every 
period there is a definite assignment of work which has 
to be completed, taking into consideration an eight- 
hour day, which may be extended according to the in- 
dividual requirements of the student. Each student is 
assigned to his own microchemical balance, so that 
there is no interference from other individuals. The 
equipment furnished each student is simple: a micro- 
spatula (dissecting knife), a camel’s-hair brush, a pair of 
forceps, and a clean towel. The following table il- 
lustrates a typical working schedule. 


Period Kind of determination 
Ist: Technic of weighing; determination of the 
sensitivity of the balance. 
Determination of metals. 
Carboxyl determination. 
Kjeldahl—nitrogen. 
Dumas—nitrogen. 
Carbon and hydrogen. 
Molecular weights. 
Examination. 


2nd: 

3rd: 

4th: 

5th and 6th: 

7th, 8th, and 9th: 
10th and 11th: 
12th and 13th: 


At present the course is limited to four students a 
day and four or five days a week. For this, out of the 
nine microchemical balances available in this labora- 
tory, four are set aside for student use. The balances 
are set up on a stone table in the middle of the room, 
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away from all immediate sources of heat. No other 
special precautions are taken. 

Since it is preferable when weighing on a micro- 
chemical balance to use the rider exclusively, avoiding 
the handling of weights, amounts of from 1 to 10 milli- 
grams will be desirable, with quantities of from 3 to 5 
milligrams the most convenient. It is therefore quite 
obvious that wherever there is a microchemical bal- 
ance available, these ‘‘milligram processes’ (Pregl 
methods) are the logical application. This viewpoint 
has been used by the author in teaching microanalysis 
in preference to resorting to so-called ‘‘semi-micro”’ 
methods (deca-milligram procedures) of analysis in use 
in some educational and industrial laboratories (6, 7, 
11, 13, 19). For the metal, carboxyl, and the Rast 
(17) molecular-weight determination, as the simplest 
types of quantitative microchemical procedures, indi- 
vidual equipment is provided for all the four students, 
all of them doing the same and identical work without 
the slightest interference. For all the other deter- 
minations the apparatus is available in doubles and the 
students then work in pairs, two of them doing the 
Kjehldahl determinations while the other pair is work- 
ing on the Dumas or the carbon and hydrogen appara- 
tus and vice versa. 

Since in Pregl’s book (16) the actual working pro- 
cedures are rather obscured by historical narratives, 
experimental working procedures have been worked 
out in a systematic way for every determination taught 
(156). In most cases the original Pregl method has 
been retained and changes have been inaugurated only 
by force of necessity. The changes have been ost 
pronounced in the carbon and hydrogen  ueter- 
mination. One apparatus is set up precisely as de- 
scribed by Niederl and Roth (15c), having only one 
combustion gas line, a preheater and electrically heated 
combustion tube with side-inlet, filled according to 
Pregl. The other apparatus is identical, with the 
exception that it contains silver wool instead of the 
lead superoxide, thus eliminating the objectionable 
features of this reagent (4, 9, 20), but also limiting the 
use of this second apparatus to compounds not contain- 
ing nitrogen. By a strict separation and use of an as- 
pirator for the absorption train any defects due either 
to improper technic or to unfavorable atmospheric con- 
ditions or faulty tubes and reagents are easily detected. 

The determinations must be repeated until satisfac- 
tory results are obtained. The following precision is 
required: 


Allowable error 


+ 0.2%, 1 pt. in 500 
+ 0.5%, 1 pt. in 200 
+ 0.1%, 1 pt. in 1000 
= 0.1%, 1 pt. in 1000 
+ 0.3%, 1 pt. in 333 
+ 0.2%, 1 pt. in 500 
+ 0.2%, 1 pt. in 500 
+ 5.0%, 1 pt. in 20 
+ 5.0%, 1 pt. in 20 
+ 5.0%, 1 pt. in 20 


Kind of determination 


Metals 

Carboxyl 

Nitrogen (Kjehldahl) 

Nitrogen (Dumas) 

Carbon and hydrogen 

Halogen . 

Sulfur 

Mol. wt. (Pregl, Rieche) (16, 18) 
Mol. wt. (Rast) (17) 

Mol. wt. (Niederl) (15d, e) 
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As soon as this precision is attained, research sub- 
stances are handed out and the student is made to per- 
form 6 to 10 determinations. In this way a large 
number of research substances are analyzed. 

The table given below shows the results of very 
first determinations at the beginning of the course, 
carried out by students with no previous experience in 
microanalysis, but with a fairly uniform and average 
undergraduate college education, in comparison with 
the results obtained at the end of the course. 


RESULTS OBTAINED 


Very first 
analysts 


At the end 
of course 


Good (results within the limita- 
tions of the method) 

Fair (results off 0.8% to 0.5%) 

Mediocre (results off 0.5% to 1%) 

Failures 


20% 
30% 
40% 
10% 


32% 
42% 
28% 

6% 


These results represent the average from the follow- 
ing list of students registering for the graduate course 
in Quantitative Organic Microanalysis (Chemistry 
202) at this University: 


Year given: 1929 1930 1931 1932 1933 1934 1935 


Number of students: me 2 &. 1s Io, Is 19 
Total 114 


The table given below illustrates the results and ac- 
complishments with the teaching arrangement out- 
lined before: 


ORGANIC MICROANALYSES PERFORMED DURING SPRING 
TERM OF 1934 


Known 
Substances 


Research 
Substances 


Number of students 16 
Total analyses 1185 741 (62.5%) 444 (37.5%) 
Analysis per student 74 46 28 

Known Research 

subst. subst, 

Residue 81 31 

Carboxy! 79 46 

Nitrogen (Kjeldahl) 199 78 

Nitrogen (Dumas) 159 97 

Carbon and hydrogen 143 178 

Mol. wt. (Rast) 32 8 

Mol. wt. (Nieder!) 32 ids 

Halogen 16 6 


741 "444 


Kinds of analyses 


1185 


From the above table another important fact may be 
observed, namely, that a course of this type, aside from 
its educational value, constitutes a definite asset to any 
institution pursuing organic chemical research, inas- 
much as it affords the analysis of a large number (in 
the above case, 444 or 37.5% of the total number of an- 
alyses) of research substances. 

Examination unknowns are handed out for the last 
two periods of the course. They consist in the total 
analysis of one unknown substance, usually a research 
substance, requiring, in addition to quantitative car- 
bon and hydrogen determination, at least one, but not 
more than two, further, independent determinations, 
such as nitrogen, metals, carboxyl, or molecular weight. 





As time permits, any one of the other standard quanti- 
tative micro-determinations (halogens, sulfur, alkoxy 
or alkimide, etc.) may be taken up and practiced. In 
this discussion the case of the special student, with a 
higher educational background or of broader chemical 
experience, is omitted. 

In summarizing, then, it can be said that in all cases 
where a microchemical balance allowing a reproduci- 
bility of weighings within +0.002 to 0.003 mg. up to a 
5 g. load is available, there is no need to resort to so- 
called ‘‘semi-micro’’ methods (6, 7, 11, 13, 19), but the 
classical quantitative “‘milligram’’ procedures of Pregl 
(16), Emich (8) and others (4, 9, 14, 15, 20) can be 
taught and practiced under conditions as found a 
priori in any average quantitative chemical labora- 
tory. A course in organic quantitative microanalysis 
has, besides, the often repeated typical advantages of 
a course in microtechnic (1, 2, 3, 5, 7, 8, 10, 11, 12, 
19), such as: development of “experimental asepsis,”’ 
saving of time and materials, and the exceptional 
feature that it is also of invaluable aid to organic 
chemical research. 
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U.S. A. FAILS TO SCORE IN NOBEL 
PRIZES FOR 1935 


HARRISON HALE 


University of Arkansas, Fayetteville, Arkansas 


FOR the first time since 1928 no American is awarded 
a Nobel prize. Usually five prizes, one each in Physics, 
Chemistry, Physiology and Medicine, Literature, 
Peace, are given annually. One or more of these may 
be omitted, there being no awards this year in Litera- 
ture or for the furtherance of Peace. 

Last year of the four awards made, two were won by 
Americans. The*recent record is: 


Frank B. Kellogg 
Sinclair Lewis 

Karl Landsteiner 
Jane Addams 
Nicholas Murray Butler 
Irving Langmuir 
Thos. H. Morgan 
Harold C. Urey 
George H. Whipple 
George R. Minot 
William P. Murphy 


Peace 

Literature 
Physiology-Medicine 
Peace 


1929 
1930 


1931 


Chemistry 
Physiology-Medicine 
Chemistry 
Physiology-Medicine 


1932 
1933 
1934 


1935 No award to Americans 


These eight prizes (1929-34), out of a total of 23, caused 
the United States to gain steadily on other countries. 
Notwithstanding the 1935 failure, in the seven years, 
1929-35, more prizes have come to Americans than to 
citizens of any other one country. 

The awards for 1935 go (in Physiology and Medicine) 
to Hans Spemann, a German, (in Physics) to James 
Chadwick of England, and (in Chemistry) to Frédéric 
Joliot and Iréne Joliot Curie, his wife, in Paris. 

This removes the immediate possibility for bettering 
the relative position of the United States, now a rather 
poor fourth. The first five countries rank: Germany 
35 prizes, England 21, France 19!/2, U. S. A. 16, Sweden 
10'/2. But there is hope in the years ahead. 





JEAN ANTOINE CHAPTAL, 
COMTE de CHANTELOUPE"’ 


His Relation to Chemical Education and Industry in the United States 


EVA V. ARMSTRONG ano HIRAM S. LUKENS 


John Harrison Laboratory of Chemistry, University of Pennsylvania, Philadelphia, Pennsylvania 


HIS is the story of a chemist who, intimately in- 

volved in the alarms and excursions of anarchy 

and revolution, and equally so with the rise and 
fall of an emperor, trod his perilous way with honor to 
himself, his country, and his chosen science. 

Jean Antoine Chaptal was born at Nogaret (Lozére) 
in June, 1756. His parents were people of position 
and comfortable fortune. Following a family tradi- 
tion which destined the younger sons for professional 
life, he studied medicine at the University of Mont- 
pellier, where he received his degree in 1777. 

A digression occurred when a youthful infatuation 
for the theater led him to decide to become a poet and a 
dramatist. He produced a few anemic verses, and 
boldly began a play founded on the tragic history of 
Poland. He labored through two acts; in the third 
act the unfortunate characters turned on the bewildered 
author to such good effect that he abandoned them, 
then and there, to their fate. 

A second discouraging episode, this time in the study 
of medicine, occurred in the course on anatomy. The 
cadaver of a young man who had been dead but a few 
hours was delivered to Chaptal for dissection. He says: 


“I examined the young man several times preparatory to be- 
ginning my work. I gathered my tools together, but at the first 
blow of the scalpel, the cadaver put its right hand on its heart and 
feebly shook its head. The scalpel fell from my hands, I ran 
out of the room, and from that moment I abandoned the study 
of anatomy.’ 


Chaptal’s first effort to publish his views was an 
amplification of his Bachelor’s thesis, in which he 
strove to develop the differences, physical and moral, 
observed in man as a result of vital forces, the influence 
of education, climate, and government. He submitted 
this paper to the Society of Sciences at Montpellier, and 
was invited to deliver the essay in public. Reflecting 
on this invitation he says: 


‘‘Persuaded that a subject so vast could be treated only very 
imperfectly by a young man of nineteen years, I put away the 


* Presented before the Division of History of Chemistry at the 
eighty-ninth meeting of the American Chemical Society, New 
York City, April, 1935. 

+t This paper is based upon material in the Edgar Fahs Smith 
Memorial Collection of the University of Pennsylvania. Unless 
otherwise noted the quotations contained in it are translated 
from ‘‘Mes Souvenirs sur Napoléon,” par le Ce Chaptal, publiés 
par son arriére-petit-fils. Le vie An. Chaptal... Paris, 1893. 














manuscript .. . and contented myself with inscribing on the first 
page the age at which it was written.” 


After receiving his degree from Montpellier, Chaptal 
assisted his uncle in the practice of medicine. The work 
proved distasteful to him. In a short time he left for 
Paris, where for three and a half years he studied under 
the best masters. He was then appointed professor of 
chemistry at the University of Montpellier. He writes 
in his autobiography: 


“At the time I commenced to teach chemistry the new doctrine 
had not been established; the old had begun to crumble. The 
discovery of gas, the decomposition of air, the theory of the oxida- 
tion of metals, set forth in the memoirs of Lavoisier on the oxides 
of tin and mercury, exhibited to us the dawn of a new day in 
chemistry. I took pleasure in the explanation of new facts, and 
it was upon the new theory that I based my first lecture.” 

It was a brilliant affair. We read: 

‘‘Never was chemistry presented before so large an audience. 

Officials of the government, members of the nobility, attended, 
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and among them no less than a dozen bishops and two arch- 
bishops.” 


Chaptal’s continued espousal of the views of Lavoisier 
led the latter to write to him as follows (1791): 


“To see you adopt the principles which I first announced is to 
me areal joy. The conquest of yourself, de Morveau, and of a 
small number of chemists scattered through Europe is all that I 
had the ambition of accomplishing, and the success surpasses my 
hopes. I receive from all sides letters announcing new proselytes, 
and I see now that only aged persons who have no longer the cour- 
age to begin again their studies, or who can no longer turn their 
imagination to a new order of things, still hold to the doctrine 
of phlogiston. All young people adopt the new doctrines, and 
from this I conclude that the revolution in chemistry is com- 
* 


plete. 


In 1780 Chaptal published his first contribution to 
chemical literature—a small volume which he confesses 
contained but a few new facts, the principal of which 
were observations on the effect of nitric acid on phos- 
phorus and on sulfur, and the analysis of calcareous 
stones. Crude as it was, it received favorable commen- 
dation from M. de Buffon, by whom he was urged to 
continue. 

Chaptal’s marriage in the same year, followed by dis- 
traction from interest in literary endeavor due to the 
erection and operation of a plant in which he manufac- 
tured sulfuric, nitric, muriatic, and oxalic acids, alum, 
copperas, sal ammoniac, white lead, certain mercurials, 
porcelain, and sandstone pottery, probably explain 
why he failed to appear again as an author until 1783, 
when four papers were published in the Annales de 
Chimie. Other papers appeared shortly in the volumes 
of the Academy of Sciences and the Journal de Physique. 
These contributions, together with many others pub- 
lished in subsequent years, were obviously the result of 
his industrial experiences. His attitude toward publi- 
cation is illustrated by his action after penetrating the 
oriental secrets concerning the dyeing of thread, with 
the so-called red of Adrianople, when he says: “I 
gave the process to the public.” 

Chaptal seems best qualified to tell the story of the 
reception of his second book, ‘‘Elements of Chemistry,” 
published in three volumes in 1790: 


“T did not attach much importance to this work, having pre- 
pared it principally to serve as a guide for my numerous stu- 
dents. ... But what was my surprise when I found it was in de- 
mand on all sides and that it had been translated into all lan- 
guages. The edition was soon exhausted, and Deterville, a pub- 
lisher of Paris, asked me to make a second. I consented. It 
had the same success. Deterville dated his fortune from the time 
the work appeared. The second edition was succeeded by a 
third, that one by a fourth, and in a few years he had distributed 
14,000 copies. For twelve or fifteen years I had the satisfaction 
of knowing that my ‘Elements’ practically replaced all other 
chemical textbooks in the hands of students in France, England, 
Spain, Italy, Germany and America.” 


In the preface of this work, Chaptal made the notable 
suggestion that the term nitrogen be used to designate 
the “‘phlogisticated air” of Priestley, in place of azote, 

* “Lavoisier, 1743-1794,” par Epovarp Grimaux, Paris, 
1888 
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which had been adopted in the Nomenclature Chimique. 

While Chaptal cannot be credited with any outstand- 
ing contributions to chemical theory, he should be recog- 
nized as one who interpreted clearly the significance of 
the findings of Lavoisier, and through his publications 
served as efficient ambassador of the new realm of 
chemistry. 

Chaptal’s industry was amazing. In spite of his 
exacting duties in the public service, there are few years 
in which his name fails to appear as an author. At the 
age of thirty-one he received from King Louis XVI the 
Decoration of the Order of the King, with letters patent 
of nobility, an honor which it was customary to bestow 
exclusively upon persons who had grown old in eminent 
public service. 

In the midst of peaceful occupations the clouds of 
revolution appeared on the horizon. Chaptal records 
in his autobiography: 


“On July 14, 1789, the signal was given for a general insurrec- 
tion. Everyone armed himself. In the general confusion and 
outburst of passion, the wise man studied the rédle which he ought 
to play; it appared equally dangerous for him to remain passive 
or to participate in them.” 


Chaptal chose the conservative side and became the 
leader of the Federalists in the South. He writes: 


“The leaders of anarchy redoubled their efforts; our commit- 
tees were dissolved and the members imprisoned. I was the first 
to be arrested and was imprisoned in the citadel.” 


Fortunately for Chaptal, among those responsible for 
his arrest were some scarcely less guilty than himself— 
he knew too much about them. Accordingly, he was 
released, and immediately fled to the mountains. 

Political conditions changed rapidly, and the fron- 
tiers of France were invaded by the enemy. As the 
arsenals were unprovided with ammunition, Chaptal’s 
political transgressions were overlooked in favor of his 
ability as a chemist. The Committee of Public Safety 
called him from his mountain retreat, saying: 


“It is in the name of your country, who in her hour of necessity 
looks to you, that we command you tocome to Paris. Chemistry 
is a profession from which the Republic should obtain the most 
powerful aids for its defence.” 


Berthollet urged him to come, saying: 


“The wheel of the Revolution calls us to other duties. The 
committee knows that you are the ablest man for the position.” 


The administration of the munition factory was at that 
time in the hands of a wigmaker, an itinerant dealer in 
morocco, and an attorney’s clerk. Chaptal reported to 
Robespierre, and proceeded to establish the famous 
powder factory at Grenelle. He consulted with 
Monge, Berthollet, Fourcroy, and others concerning 
new processes to expedite the work. Chaptal records: 


“During eleven months were manufactured twenty-two million 
pounds of powder, an accomplishment so extraordinary that pos- 
terity will scarcely credit it.” 
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But the crowded and chaotic conditions of the plant, the 
unreasonable demands for increased production, and 
other conditions over which Chaptal protested without 
avail, finally led to a disaster foreseen by him. A 
terrific explosion occurred, with enormous loss of life 
and material. It was a dangerous moment for Chaptal, 
who expected to be made the martyr of the occasion. 
But he writes: ' 


“The star which had protected me from the fury of the anar- 
chists was kind to me, and by nothing short of a miracle saved my 
head in this tragic circumstance. Thus, for the second time, I 
owed the preservation of my life to chemistry, as I likewise owed 
my fortune, and the reputation which I enjoyed.” 


While in Paris, in addition to his work in munitions, 
Chaptal delivered lectures on chemistry at the Poly- 
technic. He relates an incident which, following 
closely the execution of Lavoisier, created a sensation: 


“One day, in reviewing the discoveries that had been made in 
chemistry in recent years, I concluded with these words: ‘It 
is to the renowned and ill-fated Lavoisier that we owe all these 
discoveries.’ It was the signal for a general outbreak in all 
parts of the room. ‘Throwing their hats in the air, the students 
cheered wildly; those taking notes under other professors joined 
in the demonstration, crying, ‘It is the Master—Lavoisier—who 
speaks to us!’ Their enthusiasm could not be quieted for five or 
six minutes; so true it was, that even in this terrible period of 
the Revolution, there could not be suppressed in the hearts of 
young men those generous sentiments which are characteristic of 
youth.” 


As soon as Chaptal was allowed to retire from the 
business of manufacturing ammunition, he returned to 
Montpellier as professor of chemistry, and to carry on 
manufacturing industries there. But not for long. 
The star of Napoleon had risen, and the chemist at 
Montpellier was again called to Paris to become Min- 
ister of the Interior. He says: 


“After ten years of anarchy, scarcely any social organization 
existed. It was necessary to restore commerce and agriculture, 
and to revive industry. I exerted myself to meet these needs, 
and my task was made easier by the resolute will of the man who 
governed.” 


Chaptal was largely responsible for the economic, 
social, and industrial restoration of France under 
Napoleon, although he rarely receives this credit. He 
devised prison reforms far in advance of the times; he 
reorganized hospitals on a humane basis, particularly 
for the insane; established training schools for nurses 
and midwives, and restored the nuns as nursing sisters; 
installed a water system in Paris, guaranteeing ade- 
quate supply; imported machinery for the industries 
of spinning and weaving; founded a central pharmacy 
for the economic distribution of chemicals; proposed 
plans for the restoration and beautification of the 
Louvre; built bridges over the Seine, opened many new 
boulevards, including the Rue de la Paix; reorganized 
public instruction and the Institute, abolishing all that 
the Revolution had introduced that was inimical to the 
interests of science and the independence of learning; 
sought out artists and scholars in need and placed them 
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in positions, or pensioned them that they might con- 
tinue their work under favorable circumstances; cre- 
ated a Society for the Encouragement of the Arts, 
offering prizes for inventions. 


Chaptal’s work in the development of the beet-sugar 
industry was of importance. In the endeavor to draw 
from French soil a substitute for beet sugar, the Insti- 
tute appointed a commission composed of Chaptal, 
Darcet, Fourcroy, de Morveau, Vauquelin, Deyeaux, 
and others, who studied the process of Achard and en- 
deavored to improve it. Napoleon, for a time, favored 
the ideas of Proust, and in 1810 conferred upon him 
the Cross of the Legion of Honor, and a large sum of 
money, for his discovery of raisin sugar. But it re- 
mained impossible to produce sugar at a price acces- 
sible to people generally. Chaptal established a factory 
at Chanteloupe where he conducted personal researches 
in the making of beet sugar. He spoke of his experi- 
ments to the Emperor and proved to him that this in- 
dustry might be conducted profitably. 

The following note is made by Chaptal’s great-grand- 
son: : 


“The honor of achieving the first successful commercial produc- 
tion belongs to Benjamin Delessert, a Lyonnais, who set up in 
business in 1801 at Passy. After ten years of assiduous and care- 
ful work, Delessert, on the second of January, 1812, hastened to 
Chaptal, the official authority on beet sugar, and set forth his 
success. This was immediately communicated to the Emperor, 
who, overjoyed, set out at once for Passy, accompanied by Chap- 
tal. In great haste, Delessert returned to his factory. When 
he arrived, he found the gates of the refinery barred by the soldiers 
of the Imperial Guard, who refused him admission. He made 
himself known. Heentered. The Emperor had seen everything, 
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approved everything, and lavished praises on the work. When 
Delessert appeared, he unfastened from his breast the cross of 
honor which he wore, in order to present it to him.” 


As Minister of the Interior, Chaptal came into inti- 
mate contact with Napoleon. The Emperor conferred 
upon him the title of Comte de Chanteloupe and a large 
estate. But after serving as Minister for four years, 
Chaptal presented his resignation. Most biographical 
accounts merely mention that this occurred because of a 
misunderstanding between Chaptal and the Emperor. 
His great-grandson records that it arose from the fact 
that they were both rivals for the affections of a brilliant 
young, actress at the Comédie Frangaise, Mlle. Bur- 
goin. Chaptal had been the recipient of her favor, and 
for four years had assisted her career with ardor and 
enthusiasm. Suddenly Napoleon became possessed 
with a desire to appoint Chaptal to an ambassadorship 
in a foreign court. He offered him his choice of three 
appointments. Chaptal, disturbed, and having no de- 
sire to leave Paris, refused. But, as is well known, 
Napoleon to gratify a whim never hesitated to wound 
those to whom he owed most. Accordingly, one even- 


ing when Chaptal was closeted with the Emperor, dis- 
cussing affairs of the state, the arrival of Mlle. Burgoin 
was announced. Napoleon begged her to wait for him. 
It was a surprise which he had carefully arranged. 
Chaptal rose, placed his papers in his portfolio, and left 
abruptly. The same night he wrote a letter of resigna- 


tion, requesting permission to retire to Montpellier 
and devote himself wholly to the pursuits of science. 
Napoleon graciously accepted the resignation, and as a 
mark of continued favor appointed him Senator. 

Flourens in his ‘Eulogy’ says that “‘The mission of 
Chaptal was to revive industry through chemistry.’’* 
His application of the new chemical principles to chemi- 
cal industries attracted world-wide attention, and was 
recéived nowhere with greater enthusiasm than in 
America. Chemical education and industry in the 
United States profited by them. 

“Chemistry Applied to the Arts,’ published in four 
volumes in 1807, was one of Chaptal’s greatest contri- 
butions to industry. It was promptly translated into 
English, and remained a standard work for many years. 
In Lippincott’s “Biographical Dictionary,” published 
in Philadelphia in 1885, we find the statement that this 
work by Chaptal “‘is still much consulted.”’ 

The interest of American industry in Chaptal’s chemi- 
cal processes caused translations of his numerous papers 
to appear in popular American periodicals, such as 
“The Emporium of Arts and Sciences,’ edited in 
Philadelphia by John Redman Coxe and later by 
Thomas Cooper; and in ‘‘The Portfolio,” edited by 
Oliver Oldschool. Among these papers were “A trea- 
tise on the cultivation of the vine and the making of 
wines,” with an editorial note that ‘“The valuable infor- 
mation contained in this treatise . . . must render it 
highly important to those persons who are inclined to 
pursue the subject in the United States.’’ Other 


* FLouRENS, ‘“Euloge historique de M. Chaptal,” 1835. 
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papers were, ‘Account of a method of making soap from 
wool, with observations respecting its use in various 
arts’; “Observations on the manufacture of acetite of 
copper”; “On the dyeing of cotton”; ‘On natural and 
artificial puzzolana, for use in buildings under water’; 
“Whether those manufactories from which a disagree- 
able smell arises may prove injurious to health’; 
and “‘An account of the state of new manufactures in 
France, especially as relates to sugar, its clarification, 
etc.” 

In 1801 it was necessary to publish in Philadelphia a 
second American edition of Chaptal’s “Elements of 
Chemistry”; a third edition, translated by William 
Nicholson, appeared in Boston in 1806; and in 1807, 
James Woodhouse, Professor of Chemistry at the 
University of Pennsylvania, published the ‘fourth 
American edition, with great additions and improve- 
ments,” the two-volume work evidently finding a ready 
sale in Philadelphia, Providence, Newport, New York, 
New Haven, Burlington, and Pittsburgh. 

Authors of textbooks used in America during the first 
half of the last century acknowledge their indebtedness 
to Chaptal, as shown in Robert Heron’s ‘‘Elements of 
Chemistry,” 1800. On the title page we are informed 
that ‘it comprehends all the most important facts and 
principles in the works of Fourcroy and Chaptal, and is 
intended for the use, not only of those who study chem- 
istry, but also of farmers, manufacturers, dyers, and 
other artisans.” 

A further tribute to Chaptal’s work is made by 
Thomas Ewall, a gentleman from Virginia, who in 1806 
dedicated a work to Thomas Jefferson, entitled, ‘‘Plain 
Discourses on the Laws and Properties of Matter.” 
This work was ‘‘addressed to all American promoters of 
useful knowledge,” and contained the new doctrine of 
applying chemistry to industry. The author remarks, 
“To the system of Chaptal I am greatly indebted.” 

An American edition of Samuel Parke’s ‘‘Chymical 
Catechism,’ for the use of artists, tradesmen, etc., 
appeared in Philadelphia in 1807. Among the refer- 
ences to Chaptal’s work contained in this, we read: 
“In France, alum is made artificially. Chaptal, who 
has done so much to propagate chymical knowledge . . . 
has erected immense buildings both for making alum 
and for preparing sulfuric acid.”’ 

In. Benjamin Silliman’s “Elements of Chemistry,” 
New Haven, 1830, the author cites the works of Chaptal 
as used by him in preparing his book, and as one ‘“‘to 
whom more particular acknowledgment is due.”’ 

Speaking of Chaptal’s publications devoted to indus- 
try, his great-grandson says: 


“These books were the new gospel which scholars proposed to 
offer to industry. Up until this time the industrialists had dis- 
trusted the theorists. ... We can scarcely imagine the prejudices 
which manufacturers, before the appearance of these works, har- 
bored against scientific researches. But wken in a style clear 
and simple, Chaptal explained each principle of the particular art 
to which it was applied, at the same time giving to all the secrets 
of a thousand improvements and indicating means of discovering 
others, the manufacturers, the farmers, the wine-growers entered 
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with enthusiasm upon the new road which was opened to them 
by chemistry, and it may be said that modern chemical industry 
truly began at this moment.” 


In the United States, the appreciation of Chaptal’s 
work was so marked that he was urged to emigrate to 
this country. We present the story in his own words: 


“In order to escape the storm of the revolution emigration be- 
came general. A refuge in Spain was offered me and one in 
North America. In Spain the Prince of Parma corresponded with 
me on the subject of chemistry, in which he was well versed. He 
wrote: ‘Your revolution has come to teach us, my friend, that 
the occupation of a king is worth nothing. This is the judgment 
of an heir apparent. After having reflected well, I have decided 
to make myself independent, and I think it would be possible 
for me to build up the manufactures of Spain, in which she is 
lacking, but I cannot succeed without your help. Come and we 
will work together. When we have made a fortune we can go to 
live wherever we may find peace, if it shall still exist upon this 
earth.’ 

“Finally, the celebrated Washington, President of the United 
States, wrote me on the subject. .. . ‘Although I am the President 
of the United States, I have not the power to enter into a finan- 
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cial arrangement with you. But useful men, such as yourself, 
are not neglected in my country. Come, and you will be more 
than pleased with your welcome.’ 

“Tf I had wished to leave my country,” said Chaptal, ‘I 
would have preferred the country of Washington and Franklin, 
but my love for my native land overcame the seductive offers 
of fortune, and I passed through the trials of the revolution with- 
out altering my sentiments in this respect.” 


The closing years of Chaptal’s life were clouded by the 
loss of the second fortune which he had amassed by his 
chemical industries. This occurred through specula- 
tions carried on by a son against the wishes of his father. 
As a result Chaptal died in 1832 in comparatively re- 
duced circumstances. 

Confrére of Lavoisier, Berthollet, Monge, Fourcroy, 
Carny, Vandermonde, de Morveau, Prieur—Chaptal 
was a pioneer in the industrial application of the newly 
found essentials upon which modern chemistry is based, 
becoming thereby an eighteenth-century prototype of 
the chemical engineer of the twentieth century. 
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DEMONSTRATIONS or INDIVIDUAL 
LABORATORY WORK 
for HAIGH SCHOOLS’ 


ROBERT W. FULLER 


Stuyvesant High School, New York City 


HROUGH more years of teaching than I care to 
Ye it has fallen to my lot to deal with a very 

large number of students taking elementary in- 
organic chemistry. These pupils, grouped in sections 
of thirty to forty, have had each week individual lab- 
oratory work, and usually a demonstration period as 
well, under the instruction of the competent chemistry 
teachers generally found in a large city high school. 
These thousands of pupils, taught by men of different 
talents and with varying sympathy for individual lab- 
oratory work and for the demonstration, have afforded 
a testing laboratory of the best order. Their experi- 
ence and mine covering so long a range of years have 
given a fair evaluation of the two types of work that we 
are contrasting today. Just as the doctor of wide clini- 
cal experience comes to recognize the best treatment, so 
the critical and open-minded science teacher learns 
which of his teaching processes yields the best results. 
To my mind, the conclusions so reached are as valid as 
those of a formal investigation; for the conclusions are 
based on innumerable bits of evidence gathered from 
the daily routine of teaching. 


* Contribution to the symposium on The Lecture Demonstra- 
tion Method vs. Individual Laboratory Work conducted by the 
Division of Chemical Education at the eighty-ninth meeting of 
the American Chemical Society, New York, April 25, 1935. 


Demonstrations have their place in high-school sci- 
ence, and it is a dull teacher who does not use them each 
week to illuminate the subject. They are particularly 
valuable in showing experiments that require the more 
complicated and costly apparatus and manipulative 
skill beyond the capacity of the beginner. Demon- 
strations are fruitful for supplementary topics that ex- 
tend the knowledge gained from the laboratory experi- 
ments. The manipulation of the demonstrating 
teacher often serves as a model for the student to 
follow in doing his own laboratory work. The di- 
rected observations in the demonstration are made with 
a good degree of success, and the logical steps in the 
development of the topics lead the class to correct con- 
clusions. There is economy of time, apparatus, and 
material. Clear-cut impressions of facts are gained. 
Several investigations seem to show that students re- 
produce these facts with accuracy within a limited 
period of time. This would make the strongest of 
cases for the demonstration were it to be admitted that 
the teaching of facts is the main purpose of science 
teaching. 

The virtues of the demonstration, as I have pointed 
out, are many, but they have their limitations. Why 
are the front seats in the demonstration room so 
coveted by the students unless those in the back rows 
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see but dimly what is going on? The pupils in the rear 
ranks may leave the room with a knowledge of the facts; 
gained, I fear, not visually but from the skilful web of 
the demonstrator’s discourse or from the discussion 
evoked by him. 

Some of the valuable laboratory experiments are too 
time-consuming for the demonstration table. Among 
these are those experiments of a simple quantitative 
nature that give significance to certain chemical laws 
and also inspire respect for the numerical data that 
chemists gather with so much labor in order that our 
subject may have the dignity of a real science. Many 
valuable experiments show phenomena which need 
very close observation. Such experiments cannot be 
well shown in a demonstration unless elaborate devices 
are used. Why go to the pains of elaborating visual 
devices when the student can get an even better picture 
at first hand in the laboratory? 

In comparison with the somewhat limited number of 
experiments best fitted for the demonstration table, 
there are scores suited to the laboratory. Their wide 
range and the vividness of phenomena which can be 
studied at first hand make chemistry a laboratory sub- 
ject most attractive to high-school students. Students 
can see and understand the simple phenomena. Among 
the elements particularly fitted for study are elemen- 
tary gases, oxygen, hydrogen, and chlorine; and those 
fascinating elements, sulfur, bromine, and iodine. Of 
great interest also are such compounds as water, sulfur 
dioxide, ammonia, nitric oxide, carbon dioxide, the im- 
portant acids, and a few of the bases. Then there are 
the flame tests, the tests for acid radicals, the cobalt 
nitrate and borax bead tests for certain of the metals. 
These tests may be followed by the issuance of simple 
unknowns, which the beginner so delights to solve. 
The laboratory experiments requiring time and pa- 
tience teach the initiate that not all chemical work pro- 
ceeds with the click of the demonstration. Success in 
overcoming the obstacles in laboratory experiments re- 
wards the student for his efforts and gives him a sense of 
mastery over material things. Students have a real 
liking for the laboratory; more, I believe, than for the 
demonstration room with all its efficiency. 

In many of our high schools, courses have been de- 
veloped to fit special needs. Among them are courses 
in household chemistry. One cannot imagine such a 
course without individual laboratory work. By han- 
dling the materials themselves, our girls should learn 
about foods, the simple tests for common adulterations; 
about textile fibers, their bleaching and dyeing; about 
baking powders and how they work; and about the 
many other things that play a part in the household 
economy. Similarly, there are courses adapted to 
gardening and farm needs. One may be very sure that 
such courses fitted to special ends will continue to be 
given on a laboratory basis. 

Substitution of the demonstration room for the labo- 
ratory would mean radical changes in the layout of our 
high-school buildings. The omission of the chemical 
laboratory would please many boards of education, 


263 


especially in these times of economic stress. Some 
superintendents and principals would welcome the 
lessened expenditure for chemical apparatus and sup- 
plies. Take heed, however, before you omit the chemi- 
cal laboratory, for you will have great difficulty later 
in putting one into a building not planned for it. You 
may come to realize that another noble experiment has 
gone wrong. 

In this paper there has been much talk about rooms, 
apparatus, and material, and all too little about the boy 
and girl, the most important considerations of the 
school. Our main object as teachers is the preparation 
of the pupil for life, a difficult task when we consider 
the complicated social environment that he must enter. 
Life situations for which the student is preparing have 
many difficulties in common with laboratory work. 
Experiments develop qualities of application, observa- 
tion, caution, and judgment. Just as later in life, a 
student may fail in doing or in reasoning; but he rarely 
repeats the errors he makes in the experiments. He 
learns that the wrong procedure leads to consequences 
not so pleasant. The youth may make some wrong 
inferences, just as the later man will sometimes come 
to the wrong conclusion. In any event, the pupil in 
the laboratory is making an honest attempt to inter- 
pret what he sees, and the teacher is training him to 
make only such generalizations as the observations 
justify. Such education in the scientific method of 
thought will enable our youth to conduct their lives 
on a sounder and more rational basis. The more we 
can train in scientific thinking and the use of it in 
practical affairs, the better will be our chance for a 
sounder political economy. In the development of 
intellectual self-reliance, the laboratory is superior to 
the demonstration room with its partly artificial train 
of induced thought. As far as the self-activity of the 
student is estimated, most live chemistry teachers be- 
lieve that individual experiments provide far more of it 
than do the sedentary proceedings of the demonstration 
room. 

High-school chemistry teachers do not pretend that 
they are training chemists, but they feel that the indi- 
vidual laboratory work conducted, by them does de- 
velop certain habits and skills that later prove useful 
to the chemist, the doctor, the surgeon, the dentist, and 
to many others engaged in scientific lines in which chem- 
istry plays a part. When you place yourself in the 
tender hands of a dentist or surgeon, pray select one 
who has had a good laboratory course in elementary 
chemistry rather than one who has sat at the feet of the 
ablest demonstrator. It may be said that the college 
will furnish this laboratory training, but it is wise to 
“catch and train them young” if you want the best 
training in skills, good habits, and the ability to make 
wise judgments. It is always a marvel to me to note 
the improvement in manipulative skill and in the power 
of inductive reasoning after a half-year of laboratory 
work. As far as preparation for college is concerned, 
the chemistry teacher of the secondary school desires 
to inculcate good laboratory habits, scientific integrity, 
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and an enthusiasm that will lead students to get the 
most out of their college courses in chemistry. In all 
of this training for college and life, are not the aims I 
have mentioned better attained by individual labora- 
tory work than by a solid fare of demonstrations? 

It is hard to understand why there should be an urge 
to replace individual laboratory work with demonstra- 
tions. Let us hope that we are not breeding teachers 
who are unwilling to give the labor necessary for the 
setting out of the laboratory experiments. Our newer 
teachers may have college courses in which chemistry 
was an incident rather than a major. When members 
of my generation began their work as teachers, they had 
behind them training under college teachers who had 
studied in the laboratories of eminent chemists who 
were making great researches and furnishing corner- 
stones for our chemical theory. Reared under such 
auspices, it is not strange that the college teachers im- 
parted to the men of my time the idea that the labora- 
tory was the workroom of the chemist and that one 
should not spare himself in the study of chemical reac- 
tions and their interpretation. Such patient and la- 
borious work built our science and made possible the 
many practical applications that serve mankind so 
well. The spirit of industry, self-sacrifice, and scien- 
tific codperation should be imparted by the real lover 
of chemistry to his students. 

Many of our youth, however, do not require the 
torch to be handed on tothem. The quickening, scien- 
tific world in which they dwell and their fresh, inquiring 
minds make the laboratory a bright spot in their school 
life. Their work is guided by carefully prepared 
printed directions; a sympathetic teacher is usually at 
hand to help master special difficulties, and even labo- 
ratory neighbors gain profit from quiet comparisons 
and discussions of results. These boys of the present 
day are trying to find out things for themselves. A 
good teacher will foster this spirit of inquiry and make 
the laboratory serve its true purpose. 

The real spirit of investigation in a number of our 
high-school pupils is attested to by the small labora- 
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tories they instal in their homes at the sacrifice of their 
pocket money or by the benevolence of fathers. In 
these home laboratories you will find, as a rule, that 
the boys have passed beyond the play spirit of a ‘“‘chem 
set.”” They are making serious attempts to extend 
their knowledge of experiments. Only a few weeks 
ago, we found in my institution a boy who had devised 
an ingenious electrolytic cell that enabled him to pro- 
duce quantities of sodium so that he could sell it to his 
fellow students in ounce lots. While, for obvious rea- 
sons, we had to stop this practice, we could not but ad- 
mire the resourcefulness of this boy of fifteen. If you 
do not believe that a keen desire for laboratory work 
exists, visit the Children’s Fair held each year at our 
Museum of Natural History, New York City. There 
you will see many scientific exhibits that represent 
projects carried out in our city high schools. The work 
is done by the students; the teacher advises. Again 
I ask, shall we do away with the laboratory which the 
students so desire and which stimulates so much en- 
thusiasm? 

Let us think seriously before we allow individual 
laboratory work to be supplanted by demonstrations. 
The laboratory course in chemistry in our secondary 
schools has been developed through the contributions 
of many teachers. It has been refined and made more 
efficient through the years. It had to fight its way into 
the curriculum. My span of life has enabled me to see 
the greater part of this struggle and I can attest to its. 
severity. Increasing interest in chemistry as a high- 
school subject is shown by the greater numbers elect- 
ing it. This is due, in large measure, to the laboratory 
nature of the subject. Take this away, and you cut 
off from our chemistry students the part they enjoy so 
much. You also remove from them the part which 
gives such good training in self-reliance, in scientific 
integrity, and in understanding at first-hand vital 
chemical phenomena. My position in this discussion 
is plain, and I venture to state that my point of view is 
endorsed by teachers who have had a broad and in- 
tensive education in chemistry. 





LYMAN C. NEWELL HISTORICAL COLLECTION 


THE Department of Chemistry of Boston Univer- 
sity, College of Liberal Arts, desires to announce that 
Mrs. Caroline Strong Newell, widow of the late Pro- 
fessor Lyman C. Newell, has presented to the College, 
Professor Newell's valuable collection of books, prints, 
letters, manuscripts, and medals relating to the history 
of chemistry. 

The collection has been arranged for safe-keeping 
and display in a special room, and is to be known as the 
Lyman Churchill Newell History of Chemistry Collec- 
tion. The room contains Professor Newell’s portrait, 
his desk, chair, and bookcases (also presented by Mrs. 
Newell). Prints, manuscripts, and other memorabilia 
pertaining to particular chemists have been collected in 


folders, filed alphabetically in a filing cabinet. Pro- 
fessor Newell’s library is also contained in the room. 

The Department of Chemistry is pleased that Mrs. 
Newell has made possible this beautiful and fitting way 
of perpetuating the memory of Professor Newell, who 
gave so much of his substance and ability to the teach- 
ing of chemistry and to the gathering of his unusual 
historical collection. 

This collection, located in Room 39 of the College of 
Liberal Arts Building at 688 Boylston Street, Boston, 
was opened to visitors on the afternoon and evening of 
May 8, 1936. Henceforth, interested persons may view 
the collection by special arrangement with a member of 
the Chemistry Department. 





SOME STUDENT EXPERIMENTS 
in the HETEROCYCLIC SERIES 


E. C. WAGNER anp J. K. SIMONS 


John Harrison Laboratory of Chemistry, University of Pennsylvania, Philadelphia, Pennsylvania 
.) 


The experiments described below illustrate a number of 
ring-closures yielding heterocyclic nuclei. Detailed direc- 
tions are given for preparation of 1,4-dioxane, hydantoin, 
5,5-dimethylhydantoin, benzimidazole, 8-hydroxyquino- 
line, trimeric methylene-p-toluidine, and acridone, and of 
several starting compounds which are relatively expensive 
if purchased. There are described also a satisfactory 
method for the small-scale preparation of furoic acid by 
oxidation of furfural, and a good procedure for decarbox- 
ylation of the latter to furane. The experiments require 
no special equipment, are manipulatively simple, and are 
within the scope of the usual uitdergraduate course. 
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HE procedures described herewith are presented 

in order to increase the number and variety of 

readily available and satisfactory student experi- 
ments in heterocyclic organic chemistry. Selection of 
the experiments was determined by considerations of 
simplicity, economy, and value in instruction. A num- 
ber of syntheses which appeared to possess sufficient in- 
terest were judged after trial to be too uncertain, dif- 
ficult, or expensive to be recommended for student use. 
Some of these are mentioned at the end, with references 
and comments. 

Most of the experiments described deal with closure 
of heteroelementary ring nuclei by more or less general 
and rational methods. Such reactions, involving struc- 
tural changes more profound than those of most student 
preparations, illustrate the application of familiar 
experimental methods to the formation of molecules 
of markedly different, and often more complicated, 
structures. In several cases there are included direc- 
tions for preparation of a needed starting compound 
which is somewhat costly if purchased, but which is 
readily made from inexpensive materials. 

As with student experiments published previously 
(1, 2), the procedures have been worked out in detail 
and are explicitly described. The chemistry of the 
reactions is indicated briefly; any extension which seems 
desirable can be cared for by assigned study. The pro- 
cedures have all been tested repeatedly by one or both 
of the writers and by several students. They involve 
no manipulative difficulties beyond the capabilities of 
undergraduate students. 

The experiments described are the following: 

‘ 


1. A Cyclic Ether: 
1,4-Dioxane from ethylene glycol by catalytic dehydration, 
using p-toluenesulfonic acid. 


2. Cyclic Ureides: 

Hydantoin from glycine, through hydantoic acid. 
5,5-Dimethylhydantoin from acetone cyanhydrin and am- 
monium carbonate. 

Closure of the Imidazole Ring. 
Preliminary: o-Phenylenediamine from o-nitraniline by 
reduction with zinc-dust and aqueous-alcoholic alkali. 
Benzimidazole from o-phenylenediamine and formic acid. 

Formation of the Quinoline Heterocycle by the Skraup 
Synthesis. 
Preliminary: 0-Aminophenol from o-nitrophenol by reduc- 
tion with sodium disulfide. 
8-Hydroxyquinoline 

A Cyclic Polymerized Schiff Base (hexahydrotriazine ring) : 
Trimeric methylene-p-toluidine from p-toluidine and formal- 
dehyde. 

The Acridine Heterocycle 
Preliminary: Phenylanthranilic acid from anthranilic acid 
and bromobenzene by the Ullmann reaction. 
Acridone from phenylanthranilic acid. 

Furane 
Preliminary: Furoic acid from furfural. 
Furane by decarboxylation of furoic acid in quinoline. 


1,4-DIOXANE 

Published methods for the preparation of this useful 
solvent include the dehydration of ethylene glycol or of 
diethylene glycol by use of catalysts suitable for ether 
formation (3, 4, 5, 6, 7), the polymerization of ethylene 
oxide (8, 9), and the action of alkali on 8,8’-dichloro- 
ethyl ether (10). 

The method selected for this experiment is the cata- 
lytic dehydration of glycol: 


H]0-CH;-CH;|OH 


O + 2H,0 
HO|.CHy-CHy0|H 


tla 
CH:-CH: 


The catalysts tested in experimental trials were ferric 
sulfate (6), sulfuric acid, phosphoric acid, benzene- 
sulfonic acid, and -toluenesulfonic acid. The last, 
which has apparently not been used previously for this 
dehydration, gave on the whole the best results. The 
procedure of adding the glycol continually during the 
distillation was tested but showed no advantage over 
the small-scale batch process described. Yields were 
variable and not high, which is understandable in view 
of the number of reactions possible under the conditions 
used. Some trials with diethylene glycol gave results 
similar to those obtained with glycol. 
Dioxane thus prepared contains as impurities acetal- 
/O-CHe 
dehyde, acetaldehyde-ethylene-acetal, CH3.CH | 
NO-CH: 
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(2-methyl-1,3-dioxolane), a peroxide (11), and other 

products. Complete purificatton is not attempted 

in this experiment. The acetal can be decomposed (11) 

by refluxing the dioxane with dilute hydrochloric acid, 

or it can be isolated by fractional distillation, and so be 

obtained as a by-product isomeric with dioxane and 
. likewise a cyclic ether. 


Preparation of 1,4-Dioxane 

Into a 200-cc. ring-necked flask put 50 g. of ethylene sioeat and 
1 g. of p-toluenesulfonic acid. Attach a short fractionating 
column* provided with thermometer and short condenser, and 
place a 100-cc. Erlenmeyer flask as receiver. Heat slowly until 
gentle distillation starts, and thereafter adjust the heat so that 
distillation is continuous, the temperature at the head not exceed- 
ing 120°, and remaining so far as possible below 110°. The liquid 
which distils smells strongly of acetaldehyde. Toward the end 
of the decomposition the heated liquid chars, and the distillate 
has a sharp and irritating odor. At this point the distillation 
may be stopped. 

To the distillate add solid calcium chloride until stratification 
occurs and the lower layer is saturated with the salt. Transfer 
to a small separatory funnel, and draw off the dioxane (upper) 
layer into the dried Erlenmeyer flask. Extract the aqueous 
layer with two 10-cc. portions of ether. Combine the ether ex- 
tract with the dioxane and dry thoroughly with lump calcium 
chloride. Filter the liquid into the cleaned and dried flask of the 
distillation apparatus and fractionate, collecting (1) up to 50°, 
(2) 50° to 75°, (3) 75° to 94°, and (4) above 94° (usually 94° to 
100°). Redistil fractions 2and3. The 75-94° fraction contains 
acetaldehyde-ethylene-acetal, and may be kept until accumu- 
lated lots can be fractionated to isolate this by-product. The 
dioxane which drains back into the distilling flask may be re- 
covered by distillation from a small side-arm flask. 

The yield of dioxane varies. The best yield obtained in the 
trials was 62%, but considerably lower yields may be expected. 
The product contains the impurities mentioned above. By 
redistillation through a column the boiling range can be decreased 
to several degrees. Fractionation of the accumulated products 
from a number of runs, using an 8-ball Snyder column, gave 10 
g. of impure acetaldehyde-ethylene-acetal (b. 85-90°) and 105 
g. of dioxane (b. 100-101°). The acetal was finally obtained as 
a 3° fraction (85-88°), and the dioxane as a specimen of b. p. 
101.3°-101.5° corr. 

Dioxane Picrate. CHsO.-CsH2(NO2);0H. This is one of a 
number of addition-products formed by this ether (3, 12). It 
may be prepared as an identifying derivative. Dissolve 2.4 g. 
of picric acid in 1 g. of dioxane (a slight excess) by gentle warm- 
ing, and evaporate to complete dryness in a vacuum desiccator. 
The pale yellow crystalline picrate melts at 66°. Efforts to 
crystallize this compound from several solvents resulted only in 


its dissociation. 
HYDANTOIN 


The preparation of hydantoin from glycine ester 
hydrochloride (13) or from glycine (14, 15, 16), through 
hydantoic ester or acid, illustrates the Wohler urea 
reaction and also a type of ring-closure characteristic 
of the ureido-acids. Glycine ester hydrochloride is too 
expensive to be recommended for student use,* but 
glycinet of commercial grade and in the amounts speci- 


* The column should be one of fair efficiency and small 
holdup. A 3-ball Snyder column was used in the trials. 

+ Glycine ester hydrochloride may be made as a student prepa- 
ration (17, 18). 

t Glycine may be made as a student preparation, the method 
of Robertson (19) being very satisfactory for small lots. Other 
methods are given in “Organic Syntheses” (20). See also (21). 
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fied below is free from this objection. The following 
procedure for preparation of hydantoic acid is based 
on the method of West (15). Conversion of hydantoic 
acid to hydantoin is effected by evaporation with dilute 
hydrochloric acid. The reactions are: 


KOCN + NH2-CH2:;COOH —> NH2-CO-NH:CH:COOK —> 
NH:2-CO:NH:CH:COOH 
NH—CH; 


HNH-CO-NH-CH:-COOH —> CO, + H:0 
NH—CO 


Preparation of Hydantoic Acid 

In a 50-cc. beaker dissolve 3.8 g. of glycine (Eastman No. P445 
was used in the trials) and 5 g. of potassium cyanate (an excess) 
in 10 cc. of warm water. Chill in an ice bath, and from a drop- 
ping funnel add slowly (during about 15 minutes), and with stir- 
ring and continued chilling, 4 cc. of glacial acetic acid. Some 
gas bubbles escape as the acid is introduced, but there should be 
no strong effervescence. Warm the liquid on a water bath for 
about 30 minutes, then chill in ice, and introduce conc. hydro- 
chloric acid until the reaction of the liquid is acid to Congo-red 
paper (about 7 cc.). Continue chilling until separation of hy- 
dantoic acid is complete, and then collect the product on a small 
suction filter. The yield of crudeacidis 5g. or more. The prod- 
uct may be tinted by Prussian blue, but can be used directly for 
preparation of hydantoin. Purify a portion by crystalliza- 
tion from hot water, using 1.8 cc. per gram. The acid obtained 
in this way decomposed with effervescence at 165° obs., or 168.5° 
corr. (The I. C. T. value is 171°.) 


Preparation of Hydantoin 

In a casserole treat hydantoic acid with about five times as 
much 25% hydrochloric acid, and evaporate to complete dryness 
onawater bath. Transfer the dry solid to a flask provided with 
a reflux condenser and heated on a water bath, add 50 cc. of 
alcohol, and boil for about 5 minutes. Decant the hot solution 
through a fluted paper in a heated funnel, and chill the filtrate. 
Filter off the crystals of hydantoin, and extract the residue in 
the flask by boiling with the mother-liquor, repeating the extrac- 
tion until no more crystals are obtained. The yield of hydantoin 
is about 3.5 g., and its m. p. 218° obs., or 218° corr. (I. C. T. gives 
220°). Alternatively the crude hydantoin may be crystallized 
from hot water, using about 1.3 cc. per gram. 


5,5-DIMETHYLHYDANTOIN 


A closure of the hydantoin ring in a manner entirely 
different from that illustrated in the preceding experi- 
ment may be effected very easily by action of ammo- 
nium carbonate on aldehyde- or ketone-cyanhydrins, 
yielding 5-substituted hydantoins. Berg (22) and later 
Slotta, Behnisch, and Szyszka (23) heated the carbonyl! 
compounds with potassium cyanide and ammonium 
carbonate under pressure of carbon dioxide. Bucherer 
and Steiner (24) developed several simpler procedures, 
one of which is described below. 

The mechanism of this synthesis has not been worked 
out with certainty, several explanations being suggested 
in the papers cited. The amino-nitrile appears to be 
intermediate. The following course of the reactions 
seems provisionally acceptable: 


OH ynH- NH; 
Keng wat ey =F 
CN carb. N 


C—NH;z 


bo.nH, > 
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DC-NH-CO; On| 


__»: + )C—NH 
cai co 
CO-NH[H| 


CO:NH 


The preparation of 5,5-dimethylhydantoin requires 
only the gentle heating of acetone-cyanhydrin with solid 
ammonium carbonate. 


Preparation of Acetone-cyanhydrin (25) 

Dissolve 28 g. of sodium bisulfite in 50 cc. of cold water. Chill 
the solution and add slowly, with stirring, 14.5 g. (18.3 cc.) of 
acetone. When all the acetone has reacted, introduce with 
stirring a solution of 16.5 g. of potassium cyanide in 50 cc. of 
water. The cyanhydrin forms promptly and appears as an upper 
layer. Separate it and dry with sodium sulfate in a stoppered 
flask kept in a dark place. The yield is approximately the same 
as the weight of acetone taken. The recovery can be increased 
by ether extraction of the aqueous liquid. 

Acetone-cyanhydrin is obtained as a colorless or yellow liquid 
of pungent odor. According to Bucherer and Steiner (26) it is 
stable if well dried and stored in brown bottles. The product 
may be used in the following experiment without further purifica- 
tion. 


Preparation of 5,5-Dimethylhydantoin (26) 

Transfer to a 50-cc. beaker 8.5 g. of acetone-cyanhydrin and 
10 g. of freshly powdered ammonium carbonate. Place on a 
water bath and warm to 50°, stirring with a thermometer. 
Gentle reaction begins above 40°, with evolution of ammonia. 
Keep the mixture at 50-60° for an hour, and then heat to about 
80° until excess ammonium carbonate is decomposed and the 
odor of ammonia is faint or absent. The residue solidifies almost 
wholly upon cooling. Without removal from the beaker add to 
the residue 10 cc. of water, and heat until solution is complete. 
Digest a short time with charcoal, filter the hot solution rapidly 
through a heated filter, and evaporate on a water bath until 
crystals appear at the surface of the liquid. Chill in ice, filter 
with suction, and wash the crystals with several small portions 
of ether, each portion being well incorporated with the crystals 
and then drawn through with suction. The yield is 5 to 7 g., 
and may be somewhat increased by concentration of the mother- 
liquor to about half its volume, and repetition of the operations 
just outlined. 

The product so obtained is white and fairly pure. It may be 
further purified by recrystallization from the least hot water in 
which it can be dissolved. The following procedure permits 
crystallization from a large volume of solvent. Dissolve the 5,5- 
dimethylhydantoin in hot alcohol, using 3 cc. per gram. Filter 
if necessary, add ether (20 cc. per gram), stir, and then add rap- 
idly 90-120° ligroin (50 cc. per gram). After some minutes 
filter off the crystals and wash with cold ether. A second crop 
may be obtained by evaporating out most of the ether and chill- 
ing. A total recovery of over 80% is thus possible. 

5,5-Dimethylhydantoin crystallizes as prisms of m. p. 174° 
obs., or 178° corr. 


BENZIMIDAZOLE 


Wundt (27; cf. 28) obtained benzimidazole from o- 
phenylenediamine by action of ‘‘pure formic acid.” 
Vanino (29) gives the method of Grassi-Christaldi and 
Lombardi (30), which involves the interaction of o- 
phenylenediamine, chloroform, and alcoholic potassium 
hydroxide. Trials showed the first method to be the 
better, and further that commercial 90% formic acid is 
entirely satisfactory. The essential reaction in this 
ring-closure is: 
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Nee: + H:0 
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NiH; O 
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+ or —_ 
\n/H_HO 
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The rather high cost of o-phenylenediamine led’ to 
examination of a number of procedures for its prepara- 
tion from the relatively cheap o-nitraniline. Reduction 
by iron filings, water, and a little hydrochloric acid gave 
55-60% yields. Sodium sulfide was ineffective, and 
reduction by zinc and acid was unsatisfactory because 
of difficulty in isolation of the product. Reduction 
by zinc-dust and sodium hydroxide in aqueous alcohol, 
according to Hinsberg and Kénig (31) proved to be an 
excellent method, and is described below, with a modi- 
fied isolation procedure. 


Preparation of o-Phenylenediamine from o-Nitraniline (31) 


Use for the reduction a 500-cc. three-necked flask seated on a 
water bath and provided with a short reflux condenser and a 
motor-driven stirrer with liquid seal. The third neck, closed by 
a cork, is reserved for addition of zinc-dust. Introduce into the 
flask 25 g. of o-nitraniline, 50-75 cc. of alcohol, and 20 cc. of 20% 
aqueous sodium hydroxide. Heat until the liquid is almost boil- 
ing and then, with the stirrer operating vigorously, begin addition 
of zinc-dust in small portions. The action is brisk, and by addi- 
tion of zinc-dust at proper rate the liquid can be kept boiling 
with application of little or no heat. Near the end of the reduc- 
tion, if the liquid is still deeply colored and addition of zinc-dust 
causes no further action, add 5 cc. more of the 20% sodium hy- 
droxide solution. When 40-45 g. of zinc-dust has been used the 
color of the liquid fades rapidly to a pale brown and action ceases. 

Heat the liquid to boiling, and decant from the residue into a 
fluted paper in a heated funnel, receiving the filtrate in a casserole 
which contains 30 cc. of conc. hydrochloric acid and 20 cc. of 
water. Extract the zinc-residue several times with boiling alco- 
hol, filter the extracts, and combine with the first filtrate. Evapo- 
rate the alcohol, add 75-100 cc. of conc. hydrochloric acid, chill, 
and filter off the o-phenylenediamine hydrochloride. After 
drying in air, and finally at 100°, the product weighs about 32 
g. (98%). Itis purple in color. To diminish the color dissolve 
the salt in hot water, digest with charcoal, filter, and precipitate 
by excess hydrochloric acid as before. The product so obtained 
is pink and the recovery about 25 g. (75%). Alternatively, to 
obtain the free base, the hydrochloride may be dissolved in the 
least hot water, digested with charcoal, the filtered solution made 
just alkaline and chilled promptly, and the crystalline base filtered 
with suction and washed with ice water. The recovery is about 
14.7 g. (75%). The o-phenylenediamine is nearly white, and 
after drying, best in vacuo, melts at 102° obs., or 103.5° corr. 
Either the base or the hydrochloride may be used for preparation 
of benzimidazole. 


Preparation of Benzimidazole 


Put into a 100-cc. flask 5.4 g. of o-phenylenediamine and 10 cc. 
of 90% formic acid (or 10 g. of o-phenylenediamine hydrochloride, 
5 g. of sodium formate, and 10 cc. of 90% formic acid) and 
heat for 1 hour on a water bath. No visible reaction occurs, and 
undissolved material is present throughout the heating. Cool the 
mixture, add concentrated sodium hydroxide solution just to 
alkalinity, chill, and filter off the crude benzimidazole with suc- 
tion. Dissolve the product in 100 cc. of boiling water, digest 
with charcoal, and filter rapidly through a well-heated fluted 
filter. Chill the filtrate, collect the white crystalline product, 
and dry at 100°. The yield is 5 to 5.5 g. (about 85%), and may 
be somewhat increased by concentration of the mother-liquor. 
Alternatively add to the latter a cold-saturated alcoholic solution 
of picric acid as long as a precipitate forms; chill, filter off the 
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picrate, dry at 100°, and weigh. About 1 g. of picrate is ob- 
tained, increasing the indicated yield of benzimidazole to about 


90%. 
The purified benzimidazole made as described showed a m. p. 


of 170° obs., or 174° corr. The picrate, recrystallized from hot 
alcohol, melted at 221° obs., or 226.9° corr. The picrate may 
be obtained in practically quantitative yield by mixing a solution 
of 1 g. of benzimidazole in 5 cc. of alcohol with a solution of 2 
g. of picric acid in 15 cc. of alcohol. 


8-HYDROXYQUINOLINE 


This compound is of interest as one of an increasing 
number of organic substances used as reagents in analy- 
sis. Its formation from o-nitrophenol, 0-aminophenol, 
glycerin, and sulfuric acid is a readily executed example 
of the Skraup synthesis, requiring less time than the 
more familiar preparation of quinoline, as the isolation 
procedure is simpler. The probable course of the 
synthesis (32) is as follows: 


CH.OH-CHOH-CH,0H #9 HS CH.—CH-CHO + 2H20 


poor cam 
NHH + CH=CH-CHO —> es on 
oH | | 4 
H 
Oo ye as 


(o-nitro- | 


phenol — y, CH 
OH 


+ 2H.O 


The cost of o-aminophenol is rather high, so a pro- 
cedure for its economical preparation from o-nitrophenol 
was sought. Reduction by zinc-dust and water in 
presence of calcium chloride (33), or by sodium hypo- 
phosphite and precipitated copper (34), was not satis- 
factory. Good results were obtained by use of sodium 
sulfide or disulfide in alkaline solution (35, 36): R:-NOz 
+ NaS. + H,O = R:-NH2 + NaeS.0; (37). In the 
method described below, the reduction liquid is acidi- 
fied by addition of saturated sodium bisulfite solution 
in order to precipitate the aminophenol without separa- 
tion of sulfur. 


Preparation of o-Aminophenol from o-Nitrophenol 


Put into a 500-cc. ring-necked flask 20 g. of o-nitrophenol, 6 
g. of sodium hydroxide, 5 g. of sulfur, 40 g. of sodium sulfide 
(NazS:9H20), and 100 cc. of water. Boil under reflux for 5 
hours; the dark color of the solution does not perceptibly de- 
crease. Transfer to a beaker, and add to the hot liquid, with 
stirring, a cold-saturated solution of sodium bisulfite until the 
reaction is acid to litmus. Chill the mixture and filter off the 
crude aminophenol, which contains some unreduced nitrophenol 
(usually several tenths of a gram). Dry in vacuo (yield 80- 
90%) or pass at once to the next operation. 

To purify the crude base, dissolve it in the least 3 N hydro- 
chloric acid (in this and succeeding steps the volume should not 
be unduly increased), digest with charcoal, and filter into a 
600-cc. beaker. Add strong sodium hydroxide solution until 
partial separation of aminophenol occurs, and then introduce 
cautiously a saturated solution of sodium carbonate until effer- 
vescence ceases and the liquid is distinctly alkaline to litmus (to 
dissolve unreduced nitrophenol). Chill the mixture in ice, filter 


JouRNAL OF CHEMICAL EDUCATION 


off the aminophenol, and wash sparingly with ice water. Acidifi- 
cation of the filtrate permits recovery of any unchanged nitro- 
phenol. The dried o-aminophenol should weigh 11-12 g. (over 
70%). As thus obtained it is colored, but melts fairly well and 
is suitable for the preparation of 8-hydroxyquinoline. Recrystal- 
lization from hot water gave a pearly-gray product of m. p. 
173° obs., or 176° corr. 

To convert the base to the hydrochloride, cover with a slight 
excess of 6 N hydrochloric acid and evaporate to dryness on a 
water bath, or dissolve in the least hydrochloric acid and add 
excess of the conc. acid. The first procedure is more certain, as 
o-aminophenol hydrochloride is not effectively salted out by ex- 
cess acid. To purify the hydrochloride it may be dissolved in 
the least hot alcohol, and the filtered solution treated with excess 
ether and chilled. This yields a good product, the recovery being 
85% or more. 


Preparation of 8-Hydroxyquinoline by the Skraup Synthesis (38) 

Put into a 500-cc. ring-necked flask 5 g. of o-nitrophenol, 11 
g. of o-aminophenol hydrochloride (or 8.3 g. of o-aminophenol), 
and 18 g. of glycerol, and mix as well as possible. Add slowly 
and with rotation of the flask 14.5 g. (8.2 cc.) of conc. sulfuric 
acid. Attach an air-reflux, seat the flask in an oil bath, and heat 
for 5 hours with the contents of the flask gently boiling. Distil 
with steam to remove unchanged o-nitrophenol; less than 0.5 
g. should be recovered. To the liquid in the flask add a water 
solution of 12 g. of sodium hydroxide, then make alkaline by 
cautious addition of sodium carbonate, and resume the steam 
distillation. The 8-hydroxyquinoline passes over rather slowly, 
and solidifies in part in the condenser. Blocking may be pre- 
vented by allowing the condenser to heat up at intervals, but it is 
more convenient to keep the condenser so hot that some un- 
condensed steam escapes from the outlet, which is thrust well into 
the flask used as receiver and cooled externally by a stream of 
water. Transfer of the hydroxyquinoline requires distillation 
of 500-600 cc. of water. Cool the distillate, filter off the product, 
and dry, best in vacuo or inair. The yield is 50-55%, and may 
be somewhat increased by ether extraction of the filtrate. The 
best total yield obtained in the trials was 66% based on the o- 
aminophenol taken. 

The product may be recrystallized from warm alcohol by judi- 
cious addition of water, or from 70-90° ligroin, using 9 cc. per 
gram. ‘The recovery from ligroin is over 80% and the product, 
while not quite white, is fairly pure, melting at 75° obs. (I. C. T. 
gives 76°). 
8-Hydroxyquinoline Picrate 

Dissolve 1 g. of 8-hydroxyquinoline in 8 cc. of alcohol, and 1.8 
g. of picric acid in 30 cc. of alcohol. Mix the solutions, chill, 
and collect the picrate on a small suction filter. The yield is 
nearly theoretical. Recrystallize from hot alcohol. The picrate 
is obtained as orange-yellow prisms of m. p. 203° (208° corr.). 


TRIMERIC METHYLENE-P-TOLUIDINE 


Methylene - p- toluidine (anhydroformaldehyde - p- 
toluidine) was considered by Bischoff (39) to be trimeric 
and presumably cyclic in structure. Ingold and 
Piggott (40) reported it to be dimeric, but Miller (42) 
proved it to be the cyclic trimer, 7. e., 1,3,5-tri-p-tolyl- 
hexahydro-s-triazine: 
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While this compound is heterocyclic the ring is rather 
readily opened, methylene-p-toluidine being moderately 
reactive in certain ways which suggest the availability 
of the monomer CH;-CsH,-N==CH, or the correspond- 
ing fragment formed by depolymerization of the trimer. 

Methylene-p-toluidine is obtained, contaminated 
with amorphous higher polymers, when #-toluidine is 
treated with one equivalent or more of formaldehyde. 
The method of preparation given below is that used by 
Miller to obtain the pure trimer. 


Preparation of Trimeric Methylene-p-toluidine 


Dissolve 10 g. of p-toluidine in 50 cc. of alcohol, chill in ice, 
add at one time 15 cc. of 37% formalin (an excess), and mix by 
stirring. The liquid soon sets to a mass of crystals. After 


about 30 minutes filter the product with suction, wash with a - 


little cold alcohol, and dry in air or in vacuo. A second crop may 
be obtained from the filtrate by addition of some water. The 
yield may reach 90%. The product consists largely of the tri- 
mer; the proportion of higher polymer is increased if the tempera- 
ture of formation is too high. 

To obtain pure trimeric methylene-p-toluidine extract the 
crude material rapidly with hot 70—-90° ligroin, filter hot, and 
quickly cool the filtrate to room temperature. The higher poly- 
mer does not dissolve appreciably in ligroin, and remains on the 
filter as an amorphous white solid which melts with decomposition 
at 225-227°. Filter the recrystallized methylene-p-toluidine 
with suction, wash with cold ligroin, and dry in air or in vacuo. 
The compound is obtained as silky needles of m. p. 127° obs., or 
127.9° corr. Melting is usually accompanied by incipient fur- 
ther polymerization. 


ACRIDONE 


The Graebe and Lagodzinski synthesis of acridone 
(42) from phenylanthranilic acid involves ring-closure 
by sulfuric acid. As this operation is described in the 
laboratory manuals of Cohen (43) and Barnett (44), 
it is only outlined below. The preparation of phenyl- 
anthranilic acid as given by Cohen (45) requires o- 
chlorobenzoic acid, which is unsuitably expensive. The 
alternative preparation from anthranilic acid and bro- 
mobenzene is more economical, and illustrates equally 
well the Ullmann method of dislodging halogen at- 
tached to the benzene ring. The procedure of Goldberg 
(46, 47) is given by Barnett (48), but not in wholly 
satisfactory form, and is described more fully below. 
The steps leading to phenylanthranilic acid and acridone 
are: 
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Preparation of Phenylanthranilic Acid by the Ullmann Reaction 
Transfer to a 500-cc. ring-necked flask 20 g. of anthranilic acid, 
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32 g. of bromobenzene, 20 g. of anhydrous potassium carbonate, 
110 cc. of nitrobenzene, and 0.2 g. of copper bronze (Kahlbaum 
‘‘Naturkupfer C” was used in the trials). Support the flask in an 
oil bath, attach an air-reflux, and keep the mixture boiling gently 
for 5 hours. Remove the nitrobenzene by steam distillation, 
allowing enough water to collect in the reaction flask to dissolve 
the residue of potassium salts. Filter this liquid, cool, and 
acidify with dilute hydrochloric or sulfuric acid. The crude 
product which separates is colored gray to almost black. Filter 
with suction, wash with cold water,anddry. The yield is 29-30 g. 
(93-97%). 

To purify the acid for preparation of acridone, dissolve in so- 
dium carbonate solution, digest with charcoal, filter, acidify, and 
chill. This improves the color, which, however, is still pro- 
nounced. Dissolve the product in hot alcohol, add water short 
of turbidity, and chill. The acid thus obtained, while still dis- 
colored, is suitable for the preparation of acridone. Several 
further crystallizations from dilute alcohol will probably be re- 
quired to remove most of the color. There was thus obtained a 
pale yellow specimen of m. p. 183° obs., or 187° corr. 

Colorless phenylanthranilic acid can be obtained, though with 
considerable loss, by crystallization from benzene. 


Preparation of Acridone from Phenylanthranilic Acid 

Treat phenylanthranilic acid with conc. sulfuric acid, using 5-6 
ce. per gram. Heat for 30 minutes at 85° on a water bath (73), 
cool somewhat, and pour slowly into a mixture of chipped ice and 
water. Filter off the yellow acridone and wash once with water. 
Then transfer the wet mass to a beaker, stir up with water, and 
add sodium hydroxide solution until the mixture is alkaline (to 
remove unchanged phenylanthranilic acid). Filter, wash with 
water, and dry at 100°. The yield is over 90%. Crystallize the 
product from boiling alcohol. The m. p. of acridone (354°) is 
too high to be observed in the usual melting-point bath. 


Acridine 

Acridone may be reduced to acridine by dry-distillation with 
zinc-dust (42) as described by Cohen (43). Care should be taken 
(1) that vapors of acridine do not escape into the laboratory, as 
they are sharply irritating, and (2) that reduction is complete, 
as acridine contaminated with unchanged acridone is difficult to 
purify by crystallization from alcohol, in which the latter is the 


less soluble. 
The fine blue fluorescence of these compounds in acid or alco- 
hol solution is striking. 


FUROIC ACID AND FURANE 


The preparation of furoic acid (and furfuryl alcohol) 
from furfural by the Cannizzaro reaction is described 
in ‘Organic Syntheses” (49). As only half the furfural 
is thus available for formation of, the acid there were 
tested several procedures for oxidation of furfural solely 
to furoic acid, viz., oxidation by alkaline permanganate 
as described by Volhard (50) and modified by Freundler 
(51) and by Franklin and Aston (52), and also oxidation 
by chromic acid as reported by Hurd, Garrett, and Os- 
borne (53). Two trials of the last method were unsuc- 
cessful, the oxidation being apparently too severe. Of 
the other methods, that of Freundler was found most 
satisfactory. With the modifications included below, 
this procedure gave excellent results with respect both 
to yield and quality of product, and is suitable for 
preparation of small lots of furoic acid. 

The decarboxylation of furoic acid to furane by heat 
is described in ‘Organic Syntheses” (54). Sublimation 
of undecomposed acid makes the procedure somewhat 
troublesome, even with the provision made to cope with 
this difficulty. This is avoided and the procedure much 
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improved, as shown by Gilman and Louisinian (55), 
by use of a high-boiling basic solvent which acts as a 
liquid medium for the decarboxylation and prevents 
volatilization of furoic acid, and further by use of a 
catalyst (copper oxide) to accelerate the decomposition. 
The steps involved in the passage from furfural to fu- 
rane are: 


HC—CH . ee 
| 


a | A 
He C-CHO EM2%HC ¢C.COOH ——> 
/ ati —— 


O O 


The conversion of furfural to furane in one operation 
by action of hot alkali, reported by Hurd, Goldsby, 
and Osborne (56), appears to be unsuitable for use as 
a student experiment, and was not tested. 


Preparation of Furoic Acid from Furfural 


Prepare a solution of 34 g. of potassium permanganate in 600 
cc. of water. Dissolve 50 g. of sodium hydroxide in 500 cc. of 
water, cool, and transfer to a 2000-cc. beaker, which is supported 
on a wire gauze (to permit subsequent heating), and is provided 
with a dropping-funnel, a thermometer, and a motor-driven 
stirrer of wide sweep. Add a handful of chipped ice, and intro- 
duce 25 g. of freshly distilled (light-colored) furfural. With the 
stirrer in rapid motion add the permanganate solution from the 
funnel by drops, but rapidly, adding chipped ice as required to 
keep the temperature of the liquid always below 15° (10-15°). 
The final volume is about 1800 cc. With the stirrer still in 
motion heat the mixture nearly to boiling, and after about 30 
minutes filter through a 125-mm. Biichner funnel. Transfer the 
brown oxide of manganese to a beaker, boil with about 200 cc. 
of water, and filter, combining this liquid with the first. 

To the combined filtrates add 90 cc. of conc. hydrochloric acid, 
and then adjust the reaction, by addition of acid or alkali, to 
slight acidity. Transfer to a large dish and evaporate rapidly 
to about 500 cc. over a free flame, and then (in a smaller dish) on 
a steam bath to about 250 cc. When crystals appear at the sur- 
face of the liquid add water to redissolve, introduce charcoal, and 
digest for a while, then filter hot. To the filtrate add conc. 
hydrochloric acid in slight excess, but not sufficient to precipitate 
sodium or potassium chloride. The liquid sets to a mass of nearly 
white crystals. Chill, filter with suction, and wash the acid with 
50 ce. of ice water. Extract the mother-liquor with three 50-cc. 
portions of ether, and recover the extracted acid by evaporation 
of the solvent. The total yield is about 25 g. (over 80%). If 
the work was properly done the product will be nearly white, 
with m. p. 129-130° obs. By recrystallization from hot water, 
using about 5 cc. per gram of acid, the m. p. of the product is 
raised to 131-131.5° obs., or 132.5-133° corr. 


Preparation of Furane from Furoic Acid 


The apparatus differs in several respects from that specified 
in “Organic Syntheses.” Connect a 200-cc. round-bottomed 
flask with a 400-mm. condenser-tube, and support the flask in 
an oil bath above a Bunsen burner. To the head of the con- 
denser-tube attach a glass tube, bent so that the other end ex- 
tends vertically downward. Pass this end through a 2-hole cork, 
cover the open end of the tube with a loose wad of cotton (to 
prevent blocking), and thrust it almost to the bottom of a 250- 
cc. Erlenmeyer flask three-fourths filled with pellet-form sodium 
hydroxide. Support this flask in a beaker of water above a 
burner, and connect the outlet tube of the flask with a short 
vertical water-cooled condenser. To the delivery end of the 
condenser attach an adapter improvised from a test-tube and 
drawn out to a narrow tube which passes through the 2-hole cork 
of a 50-cc. Erlenmeyer flask and extends half-way to the bottom. 
Support this receiver in an ice bath. Before a run is started, de- 
termine the weight of the dry receiver and a tight-fitting cork. 
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All the corks of the apparatus must be tight, or loss of furane 
may occur. In trials of the procedure the corks were varnished. 
Both the liquid baths of the apparatus are to be provided with 
thermometers. 

Introduce into the decomposition flask 25 g. of furoic acid, 50 
ce. of quinoline, and 1 g. of powdered cupric oxide. With all 
connections tight, warm the bath surrounding the sodium hydrox- 
ide absorber to about 50° and maintain at approximately this 
temperature throughout the experiment. Heat the oil bath until 
gas evolution becomes active (about 200°), raising the tempera- 
ture gradually until finally quinoline is refluxing about half-way 
up the air-condenser (oil bath about 260°). In the meantime 
the furane will have passed into the receiver. When it ceases 
to distil, disconnect the receiver, insert its cork, dry the flask, 
and weigh the furane. The yield is nearly 90% (about 13.5 g.). 
Three runs by one of the writers averaged 89.7%; two student 
trials averaged 80.4%. 

Chill the product, introduce several lumps of calcium chloride, 
and allow the stoppered flask to stand in a cool place for about 
anhour. Decant the liquid into a small dry flask, attach a short 
fractionating column, and distil with a very small flame, collect- 
ing the product in a sealing-bottle (capillary adapter) cooled in an 
ice bath. The furane boils wholly between 31° and 32°. Finally 
seal the ampoule. 

Notes.—Quinoline was found to be better (for this small-scale 
experiment) than the “‘crude tar bases” recommended by Gilman 
and Louisinian. The tar bases contained some lower boiling 
material which tended to pass over at the temperature required 
for steady distillation of furane. The quinoline can be used re- 
peatedly and finally recovered. Five runs were made with the 
same charge of quinoline with no indication of decreased effec- 
tiveness. 

The copper oxide was reduced to metallic copper during the 
reaction. Apparently the metal acts catalytically also (or the 
presence of a catalyst is not important), for a final run made in 
presence of the reduced copper from several previous experiments 
and without further addition of copper oxide gave a 91% yield 
of furane, a slightly higher decomposition temperature being 
required. 

Soda lime may be used instead of sodium hydroxide for ab- 
sorption of carbon dioxide. The latter, however, is entirely satis- 
factory, a single charge sufficing for at least three runs. 


OTHER EXPERIMENTS 


The following experiments, leading to formation of 
heterocycles not included above, were submitted to 
trial with the results noted below. While several of 
these experiments could be used as supplementary 
exercises for occasional students, they are judged not 
well suited to the undergraduate laboratory, and so are 
presented in outline form only, with references and com- 
ments. 

Morpholine from diethanolamine.—Following the pro- 
cedure of Knorr (57) diethanolamine was heated with 
excess 70% sulfuric acid, the liquid made alkaline, and 
the morpholine distilled with steam. The distillate 
was acidified with hydrochloric acid and evaporated to 
dryness. The hydrochloride was treated with conc. 
sodium hydroxide solution and the morpholine ex- 
tracted inether. The ether solution was dried with solid 
sodium hydroxide, and the morpholine obtained by 
fractionation (126-130°) and redistilled over sodium. 
The yield was about 30%. 

N-Phenylmorpholine from 8’-dichloroethylether and 
aniline—The method of Cretcher and Pittinger (58, 
59, 60) gave fairly satisfactory results, but the isolation 
of the rather low-melting base seemed to promise trouble 
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in student hands, so this preparation is not included in 
the present group of student experiments. The picrate 
of N-phenylmorpholine serves as a derivative. Made in 
alcohol and crystallized from hot alcohol, it melts at 
167° obs., or 171° corr. 

N-Phenylpiperidine from diethanolamine and ani- 
line.—The method outlined by Pollard and MacDowell 
(61) gave in a single trial a low yield, and at the present 
cost of diethanolamine seems scarcely suitable for 
student use. 

Xanthone from aspirin by heating (62). The manipu- 
lations and yield are about the same as in the prepara- 
tion from salol (63). 

Uracil from malic acid and urea. The method of 
Davidson and Baudisch (64), and modifications by 
Johnson and Flint (65) and Chi and Chen (66) were 
tried, all giving variable and small yields. 

Methyluracil from urea and acetoacetic ester through 
B-uramidocrotonic acid ester (67). One trial gave a 
small yield. 

The Quinazoline Heterocycle.— 


H 

€ 
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Certain derivatives of quinazoline (I) may be ob- 
tained readily from /p-toluidine and formaldehyde 
through methylene-p-toluidine, whose preparation is 
described above. There are outlined below the steps 
leading to three such quinazolines. In spite of the 
difficulties suggested by the panoramic names anu 
formulas of these compounds, the methods of prepara- 
tion are actually simpler than most of those described 
in the first part of this paper. The yields are good, 
and manipulatively the preparations are satisfactory 
in student hands. 

Methylene-p-toluidine (II) is converted to o-amino- 
m-xylyl-p-toluidine (III) by warming with p-toluidine 
and its hydrochloride (68). From compound III there 
may be made two quinazoline derivatives by ring- 
closures which involve linkage of the two nitrogen 
atoms through carbon, viz., 3-p-tolyl-6-methyl-3,4- 
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dihydroquinazoline (IV) by the Ladenburg ring-closure 
with formic acid (69), as inthe preparation of benzimida- 
zole, and 3-p-tolyl-6-methyl-1,2,3,4-tetrahydroquin- 
azoline (V) by ring-closure with formaldehyde (70). 
Compound IV can be converted into V by reduction 
with sodium and alcohol (69). Compound V is easily 
converted into Tréger’s base or 1,2’ - methylene - 3 - p 
- tolyl - 6 - methyl - 1,2,3,4-tetrahydroquinazoline (VI) 
by another ring-closure using formaldehyde, as shown 
recently by Spielman (71). Tréger’s base may be 
regarded as two fused tetrahydroquinazoline nuclei 
with the group >N-CH::-N < common toboth. This 
complex heterocycle is obtainable also by interaction 
of p-toluidine and formaldehyde in aqueous alcoholic 
hydrochloric acid solution (72), through a mechanism 
published recently by one of the writers (74). The 
transformations sketched above are shown in the re- 


action scheme: 
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DISTILLATION EXPERIMENT 
SYDNEY M. EDELSTEIN 
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A VERY simple experiment may be used to show 
the variation of the vapor-phase composition with 
temperature and liquid composition for two miscible 
liquids (pyridine and water). 

If a solution of pyridine in water, containing one 
volume of pyridine to three volumes of water, is dis- 
tilled slowly and the distillate is allowed to collect in 
a graduate, it is found that several distinct layers of 
solutions are present in the receiver, each layer coming 
over at a definite temperature range. Each of these 
layers is present in different amount, and each layer 
contains a different pyridine-to-water ratio. These 
layers do not mix unless shaken up, and samples may be 
removed with a pipet for analysis. Analysis for the 
composition may be made by acid titration. The layers 
may be more easily separated and analyzed if a sepa- 
ratory funnel is used to collect the distillate. 
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LEO AFRICANUS ON ALCHEMY 


JOHANNES LEO (1494-1552), otherwise known as 
Leo Africanus, was born at Granada of noble Moorish 
stock. Much of his life was spent in travels and his 
book long ranked as the best authority on Moham- 
medan Africa. His description of Africa was probably 
written in Arabic, but the Italian text was printed in 
1550. The English translation appeared in London in 


1600. : 
The following quotation is from p. 445, Volume V, 


of ‘‘Purchas His Pilgrims,’’ by Samuel Purchas. 


“In this Citie likewise there are great store of Alchymists, 
which are mightily addicted to that vaine practice: they are 
most base fellowes, and contaminate themselves with the steame 
of Sulphur, and other stinking smels. In the evening they use to 
assemble themselves at the great Temple, where they dispute of 
their false opinions. They have of their Arte of Alchymie many 
Books written by learned men, amongst which one Geber is of 
principall account, who lived an hundred yeeres after Mahumet, 
and being a Greeke borne, is said to have renounced his owne 
Religion. This Geber his workes and all his precepts are full of 
Allegories or darke borrowed speeches. Likewise they have an- 
other Author, that wrote an huge Volume of the same Arte, 
intituled by the name of Attogrehi: this man was secretary 
unto the Soldan of Bagaded, of whom we have written in the 
lives of the Arabian Philosophers. Also the Songs or Articles of 


_the said Science were written by one Mugairibi of Granada, 


whereupon a most learned Mamuluch of Damasco wrote a 
Commentary: yet so, that a man may much more easily under- 
stand the Text than the exposition thereof. Of Alchymists here 
are two sorts; whereof the one seeke for the Elissir, that is, the 
matter which coloureth brasse and other Metals; and the other 
are conversant about multiplication of the quantities of Metals, 
whereby they may conveniently temper the same. But their 
chiefest drift is to coine counterfeit money: for which cause 
you shall see most of them in Fez with their hands cut off.’’ 


(Contributed by F. B. Dains.) 





A LABORATORY STUDY 


of HOMOLOGY 


GEORGE W. BENNETT anp FRANCIS ELDER 


Grove City College, Grove City, Pennsylvania 


N THE beginning course in organic chemistry the 
laboratory treatment of the important principle of 
homology commonly consists in test-tube examina- 

tions of ‘‘properties’’ of the members of the given series. 
If it is desired to illustrate homology and its corollaries 
in the aliphatic division of the subject by means of 
preparations (which will then also include one of the 
“properties” of the starting materials) the choice of 
homologous series for student preparation will be quite 
limited. The preparation of members of the paraffin 
series is hardly suitable; the olefins are gaseous at room 
temperatures for the first four members; the alkynes 
are not suitable; and serious difficulties would beset the 
student in the preparation of the first four or five 
members of the aldehydes, acids, acid chlorides, and 
amines. The alcohols might be prepared, but they 
would serve better as starting materials than as end 
materials. 

Choice of a series to prepare would probably narrow 
to the alkyl halides, esters of a given acid, say acetic, or 
esters of a given alcohol, say ethyl. If the alkyl halides 
are prepared, the lower chlorides and one bromide are 
gaseous at room temperatures, and only the alkyl 
iodide series could be prepared complete in liquid form 
at room temperatures. If, moreover, it is desired to 
prepare compounds involving only a single organic 
molecule, the esters will not serve. The ketone series, 
however, will meet the desiderata admirably. The first 
four members of the series, at least, can be readily pre- 
pared in liquid form by the dichromate oxidation of the 
corresponding secondary alcohols. 

Preparation of the homologous series most likely 
would be undertaken as a class project with four student 
groups each preparing a different ketone. Directions 
for such experiments are not to be found in the more 
familiar laboratory manuals of organic chemistry be- 
cause very few manuals give details for the preparation 
of any of the aliphatic ketones. Fortunately, however, 
details for student preparations of aliphatic ketones 
have appeared in THis JouRNAL. Yohe, Louder, and 
Smith (1) described the preparation of pentanone-2 and 
pentanone-3. Robertson (2) presented details for the 
student preparation of acetone, and Wagner (3) ampli- 
fied the details for the preparation of acetone in regard 
to temperature conditions. By slight modifications of 
the procedures advised by these authors one can also 
prepare butanone and hexanone-2 in good yields. 

The four-carbon ketone is prepared by the same 
procedure as pentanone-2 except that the oxidizing 
solution may consist of the same quantity of sodium 


dichromate (50 grams) in 50 cc. of water and 15 cc. of 
concentrated sulfuric acid, and the one-half mole of 
alcohol is dissolved completely in 100 cc. of water and 
30 cc. of concentrated sulfuric acid. For hexanone-2 
one may use the same volumes as are recommended for 
pentanone-2 with the exception, of course, of the 
hexanol-2. 

The preparation of the homologous ketones will 
illustrate satisfactorily several corollaries to the principle 
of homology. Thus the behavior of the secondary 
alcohols illustrates that in a series of compoun dshaving 
the same kinds of atomic linkages the various members 
react alike against a common reagent, and that they 
thereby produce a different series of compounds, all 
members of which have similar atomic linkages. This 
group of preparations will also show that the reactivity 
of the higher members in a series becomes increasingly 
sluggish. Thus hexanone-2 cannot be prepared in as 
good yield as pentanone-2 by about 10 per cent., using 
the same procedure. In the third place the four prepa- 
rations illustrate how experimental conditions must be 
varied to suit the reactants. Isopropyl alcohol is com- 
pletely soluble in water, and butanol dissolves in about 
30 per cent. sulfuric acid. For the preparation of the 
first two ketones, then, the oxidation is carried on in a 
homogeneous liquid mixture. Pentanol-2 and hexanol-2, 
on the other hand, require such concentrated acid for 
solution (roughly 45 per cent. and 60 per cent.) that 
there is danger of increasing the oxidation potential of 
the acidified dichromate solution to a value greater than 
that required for the oxidation of alcohol to ketone. 
Yields would thereby be diminished by further oxida- 
tion of the ketones to acids of lesser carbon content. 
The experimental conditions fér the preparation of 
pentanone-2 and hexanone-2, therefore, produce a two- 
phase mixture to be subjected to oxidation. As regards 
oxidation temperatures to be employed, the study by 
Wagner (3) shows that results for student experiments 
are about equally good when the oxidation is done at 
room temperatures or at the boiling temperature. The 
directions for pentanone-2 (1) specify low-temperature 
oxidation. In the preparation of butanone the present 
authors and their students get about the same results 
with temperatures carefully kept at 40 degrees and 
with temperatures allowed to run up to 50 or 70 de- 
grees. For hexanone-2, however, the higher tempera- 
tures diminish the yields. 

Acetone, moreover, illustrates that the first member 
of an homologous series differs from the second more 
than do any other consecutive pair in the series. Thus 
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acetone is freely soluble in water, and forms no azeo- 
tropic mixture with water, whereas none of the other 
ketones are miscible with water and they do form 
azeotropic or pseudoazeotropic mixtures with water (4). 

Finally, the physical properties of the series of 
ketones prepared and the series of secondary alcohols 
used illustrate the regular variation in physical proper- 
ties as one ascends an homologous series. These data 
can be tabulated for the molecular weights, boiling 
points of the alcohols and of the ketones, boiling-point 
differences of the corresponding alcohols and ketones, 
densities, refractive indices, and solubilities in sulfuric 
acid-water mixtures. A study of the data thus listed 
has a special interest to the student because most of 
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them have been used in the preparations carried out in 
the laboratory class project. For laboratories not at sea 
level observed boiling points are conveniently corrected 
by the method described by Hoyt (5). 
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SYSTEMATIC QUALITATIVE 
ANALYSIS of ANIONS’ 


EARL W. FLOSDORF} anp CHARLES HENRYT 


Department of Chemistry, Haverford College, Haverford, Pa., and School of Medicine, University of Pennsylvania, Philadelphia, Pa. 


A procedure for nineteen commoner anions is tnd1- 
cated. Notes for the inclusion of seven less common tons 
are included and the system is sufficiently comprehensive 
in general method to permit even further expansion. A 
maximum of analytical sensitivity for a given limited 
quantity of unknown is obtained by: (1) systematic separa- 
tion making the entire original amount of each anion 

+++ 


N SPITE of the unsystematic procedures generally 
I followed for anions in qualitative analysis courses, 
very little attention has been directed toward the 
development of a procedure that would be equal to 
those used for cation analysis as a means of teaching 
scientific method and of giving a conception of analyti- 


cal sensitivity. In an analysis of a small and limited 
quantity of material by the usual anion methods, the 
sensitivity of every test is reduced in inverse proportion 
to the number of divisions made of this quantity in 
order to make the various separate ‘‘spots’’ tests on a 
portion of the original unseparated material. If a 
systematic separation of the constituents of the un- 
known is made beforehand, however, the entire original 
amount of each ingredient is available for the test to be 
used in its detection. 

Of the recent work in this direction, that of Sneed 
and Duschak (8) has attracted perhaps the most 
attention, but their procedure is far from being wholly 
satisfactory. Of the twenty-three ions included, 35 
per cent. (eight ions) appear in two or more groups 
because of incomplete initial precipitation. Iodate 

* A manual including this procedure written for use by students 


is in preparation. 
+ Present business address, School of Medicine, University of 


Pennsylvania, Philadelphia. 


available for its own detection (except in the last group 
where the added difficulty would not justify it); (2) com- 
pleteness of all the separations, thereby securing the maxi- 
mum. concentration of each ion for its detection at one 
place; (3) elimination of preliminary tests; no ton needs 
to be tested for separately before proceeding with the sepa- 
rations or with the tests for other tons. 


++ + 


appears in three groups and no mention is made of the 
fact that it will also appear in the silver group. The 
treatment of the cyanogens is rather poor. More 
recent is the method of Dobbins and Ljung (10). 
The authors have pointed out, however, that their 
method has not overcome interference completely in 
all cases. The procedure of Raurich (7) is one of the 
most comprehensive that has been devised—32 ions 
are included—but the chemistry is in error at many 
points. To cite but one error, thiosulfate is treated as 
though it would not decompose in the presence of 
strong acid. 

A method of separation of anions into four groups, 
each of which is readily separated further for the tests 
for the individual ions, was developed by Flosdorf and 
Henry (2). Although at least as many as thirty-one 
ions can be separated by their method (3), a smaller 
number is sufficient for the pedagogical purposes men- 
tioned above. The present procedure includes nine- 
teen ions. Seven additional but somewhat less com- 
mon ions are included in footnotes for more extensive 
courses. In devising the separation of the groups 
themselves for testing for the individual ions it has 
been possible to stress, to a great extent in an original 
manner, the comparative properties of related ions, 
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particularly the more common sulfur and the halogen 
ions. 

The same path or route is followed through the sepa- 
rations, irrespective of the presence of any particular 
ion or groups of ions in the unknown. It is not neces- 
sary to determine the presence of any one possible con- 
stituent before proceeding with the separations or with 
the tests for other ions. All separations are complete, 
so that no ion falls into more than one group, which 
conserves the maximum concentration of each for its 
detection in one place and saves time by eliminating 
the necessity of repeated handling. It may be pointed 
out that the separation of chloride ion from bromide 
and thiocyanate ions within Group III is only qualita- 
tive. The qualitative separation is rigid, however, in 
that traces of chloride are not missed. With large 
amounts of chloride some is not removed but it does 
not interfere with the tests for the other ions in the 
group. The simplicity of a separation, when rigid and 
causing no subsequent complications, justifies its use. 

Because acetate is the anion chosen to be introduced 
in the course of the analysis it must be tested for on a 
separate portion of the original unknown. One- 
eighteenth of the original solution is reserved for a spe- 
cial (very sensitive) confirmatory test for thiosulfate 
and must be used under certain unusual but well- 
defined conditions as discussed later at the appropriate 
point. The soluble and final group is divided into por- 


TABLE 1 


SENSITIVITIES OF TESTS* 





Sensitivity in mg. in presence of 
large quantities of other and possibly 
interfering anions 


Sensitivity 
(alone) in mg. 








Other ion 
orig. 
present 


Mg. of 
other 
ton 


Confir- 
mation 


Mg. 
detectable 


Mg. con- 
JSirmable 


0.1 


Detec- 
tion 








300 
300 
300 
300 
100 
300 


Sulfide 
Thiosulfate 
Carbonate 
Thiosulfate 
Carbonate 
Sulfide 


|Carbonate 0.1 0.1 0.1 


Sulfide 0.1 0.1 0.1 @.1 


Thiosulfate 2. 


ao 
° 
is) 
o 
no 
oun 
ao 
cy 
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tions because in this case it would be more difficult not 
to do so and the sensitivity of detection of ions in other 
groups is unaffected thereby. The tests used for the 
ions in this group are sufficiently sensitive to justify 
the division. The sensitivities of the various tests 
listed in Table 1 state the quantities in terms of the 
total amounts present in the entire original sample 
that will reveal themselves when following this system 
through its separations and various other steps. 

This system was used with complete success at 
Haverford College in the qualitative analysis course 
given by the authors and has been used successfully 
elsewhere. During two years at Haverford an average 
of 53 per cent. of all the anion unknowns analyzed 
following this procedure were correctly reported and 
82 per cent. were reported better than 70 per cent. 
correct. This was a somewhat better record than that 
obtained with cation unknowns analyzed by an ac- 
cepted procedure. At least half of the ‘‘unknowns’’ 
given to the students contained some of the anions in 
relatively minute amounts, such as a total of from 1 to 
10 mg. Frequently, these amounts were accompanied 
by one anion in amounts from 100 to 500 mg. To be 
100 per cent. correct the student needed to report 
whether an ion found was present in small or large 
amount. The class comprised freshmen and sopho- 
mores, principally. 

A description of the procedure follows; detailed di- 
rections are given where the method of separation is 
unique or original and where a test has been modified 
in order to increase the sensitivity. Otherwise the pro- 
cedure to be followed is only indicated. 


TABLE 2 


Group SEPARATIONS 





Original solution made to 18-ml. volume 





| Small | 
portion: | 
Acetate | 
test and | 
thiosul- 





Main portion: (15 ml.) Add acetic acid 





Gases: 


. Precipitate: sulfur due 
SO: from thio- 


to polysulfide or thio- 


Solution: neutralize 
(NHiOH). Add 





Hypochlorite 
|Sulfate 
Sulfite 
|Sulfite 
|Oxalate 

| Phosphate 
|Fluoride 
Chromate 

| Chloride 


Bromide 


Iodide 
Thiocyanate 
Nitrite 


Nitrate 
Borate 
Permanganate 
|Chlorate 
Acetate 





nTOSS Ona 
SC WNSDOO Oa 


Zourse S590 © w& 
SOnNso Son 


Ca 








Onoooco: a 





RPOrFF WNHrKF OO 


ae _ 
QOnsoeg COM A SUDSOO0UNN 





Sulfite 
Chloride 
Oxalate 
Sulfate 
Sulfide 
Phosphate 
Oxalate 
Miscellan. 
Phosphate 
Bromide 
Iodide 
Chloride 
Iodide, etc. 
Chloride 
Bromide 
Chloride 
Nitrate 
Chloride 
Chloride 
Chloride 
Chloride 
Sulfite, 
nitrite 





300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 


300 





@ Odor tests. 





b Basic acetate test. 
¢ Alkaline potassium permanganate test. 
@ Diphenylamine test. 
¢ Brown ring test. 


* In terms of total quantity in entire original sample of one gram of solid 
in 18 ml. of solution. 








sulfate, COs, 


Ba(C2H3O2)s. 


sulfate or to mixture 


fate con-| 


HaS, Cle. of sulfide and sulfite- 


reject. 


firma- | 
tion | 





Group I 





Precipitate: Solution: 
SOu, SOs, 
PO, C204, 
CrO, as 
Ba salts. 


Add Ag(C:HsO:) 





Solution: 
NHiOH and 
Na2SOu. 
Filter, and 


| 

| 

| 

Add | 
| 

test for NOx, 


Precipitate: 
Ch - By t: 
and SCN as 


Ag salts. 


(Also polysul- 
fide, cya- 
nide, ferro- 
cyanide, 
ferricya- 
nide.) 


Group II 
Group III NOs, ClOs, 
BOs, MnOu, 
as Nasalts. 
(Also fluoride, 
arsenite and 


arsenate.) Group IV 




















GroupI: A solution containing one gram of solids, if available, 
is evaporated or diluted to18 ml. Organic matter does not inter- 
fere. An Erlenmeyer flask is fitted with a two-hole stopper 
that carries a thistle tube and an ‘“‘L”’ delivery tube, the latter 
having attached to it a “sulfur dioxide absorption tube,” (.S), 
which is made by blowing a small bulb (15-mm. diameter) in 
ordinary 7-mm. 0.pD. glass tubing (Figure 1). Place powdered 
potassium permanganate in it, plug lightly with glass wool, and 
moisten with a drop of water. The tube will also remove hydro- 



































FIGURE 1.—‘‘C’?’ RUBBER TUBING CONNECTION; ‘‘S”’ 
SuLtFuR DioxipE ABSORPTION TUBE CONTAINING SOLID 
POTASSIUM PERMANGANATE; ‘‘t’’ TEST PAPER STRIP 


gen sulfide, although this is incidental. The delivery tube 
should dip into a test-tube containing 3 ml. of 0.3 N barium 
hydroxide solution. Moisten one narrow strip of filter paper 
with 1 WN lead acetate solution and another strip with saturated 
potassium chromate solution, and suspend ‘these, together with a 
strip of moist starch-iodide paper, in the flask (the walls of 
which should be dry) by means of the rubber stopper. Through 
the thistle tube introduce 15 ml. of the “unknown’’ solution 
followed by sufficient 6 N acetic acid to make acidic to litmus 
(if it is not already) and then 3 ml. excess. Shake and warm not 
above 65° for two minutes. The potassium permanganate 
should be replaced for future tests after it has reacted once. 

The evolution of chlorine, turning the starch-iodide paper 
blue, indicates hypochlorite ion. The evolution of carbon di- 
oxide, forming a white precipitate of barium carbonate, indicates 
carbonate ion. The evolution of hydrogen sulfide, forming lead 
sulfide which blackens the filter paper (silvery luster), indicates 
sulfide ion. A milky precipitate of sulfur after standing and 
cooling indicates thiosulfate ion (or if the lead acetate is black- 
ened too, the sulfur may be due to polysulfide). The evolution 
of sulfur dioxide, turning the potassium chromate a distinct 
green unaccompanied by a rusty brown color (due to sulfide), 
confirms thiosulfate ion.* In the presence of large quantities of 
sulfite, some sulfite also may be decomposed here, producing 
sulfur dioxide to turn the paper somewhat green; hence in 
absence of a white precipitate do not report thiosulfate. 

If sulfide, thiosulfate, or hypochlorite is present, make sure of 
an excess of acetic acid, stir vigorously, and boil until free of gases. 
The milky precipitate of sulfur should be removed while hot by 


* If confirmation of thiosulfate ion is negative and a white pre- 
cipitate of sulfur is obtained, it will be advisable to carry out the 
special thiosulfate test described later. The above test (see 
Table 1) is satisfactory for thiosulfate only if more than 10 mg. is 
present and in the absence of a mixture of sulfide and a large 
amount of sulfite (incompatible in strong acid solution). 

Two ml. of 6 N ammonium hydroxide may be added through 
the thistle tube, followed by nickel acetate to precipitate sulfide 
completely, if present, and the cyanogen group (cyanide, ferro- 
cyanide, and ferricyanide). After filtering, the precipitate may 
be treated with ammonium hydroxide to dissolve the cyanogens 
and not the sulfur or nickel sulfide. The cyanogen group may 
then be separated according to standard procedure (5). 
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repeated filtering through the same paper. Although a trace of 
sulfite may be decomposed by this treatment, the total quantity 
disappearing is negligible. 

Group II: Make the solution from Group I exactly neutral 
with ammonium hydroxide, filter, and discard any precipitate 
(from cations). Heat just to boiling, and add hot, 1 N barium 
acetate solution until precipitation is complete. Keep just 
below or at the boiling point for five minutes, let settle, and then 
filter, repassing through filter if necessary, and wash the precipi- 
tate. 

Transfer the precipitate into a casserole, and treat it with 50 ml. 
of hot water and 2 ml. of 6 N HCI, stirring for several minutes. 
Keep just at or below the boiling point for five minutes, filter, and 
wash the undissolved residue, which may be sulfate and should be 
confirmed. Silicate would precipitate at this point. (In case of 
small precipitates, repeated passing of the acidified water through 
the filter may replace the treatment in the casserole.) 

To confirm sulfate the residue may be fused on charcoal with 
solid sodium carbonate, using the reducing flame of the blowpipe. 
The fused mass is tested for sulfide. 

To the barium acetate filtrate, which may contain sulfite or 
chromate, oxalate, and phosphate ions, add a slight excess of 
bromine water. ‘Test for sulfite ion as usual and confirm by the 
same method as for sulfate. The bromine is expelled and the 
volume adjusted to 20 ml. If sulfite is absent and the solution is 
colored orange, after expelling bromine, chromate ion is indi- 
cated. For confirmation add sulfurous acid to a small portion. 
Oxalate ion is detected as usual by means of 4 N calcium chloride 
solution and 1 ml. of 12 N ammonium acetate solution,{ and 
confirmed with 0.001 M potassium permanganate after dissolving 
the precipitate in dilute sulfuric acid. After acidification of the 
calcium chloride filtrate with nitric acid, phosphate ion may be 
precipitated with ammonium molybdate solution. 

Group III: To filtrate from the precipitation of Group II 
add one ml. 6 N acetic acid and saturated silver acetate solution 
until precipitation is complete. Filter and wash with water 
containing a trace of silver acetate. Transfer the precipitate toa 
test-tube and add 15 ml. of “chloride reagent”’** (or ammonium 
carbonate solution). Shake vigorously for several minutes, filter, 
and wash the remaining precipitate with hot water. Acidify 
the filtrate with dilute nitric acid. A white precipitate of silver 
chloride indicates chloride ion. Ignore any faint opalescence, 
which represents only the traces normally present in reagents. 
Silver chloride will coagulate and turn lavender upon standing 
in strong sunlight (confirmation of chloride). The precipitate 
treated with Miller’s ‘‘chloride reagent” is stirred vigorously for 
two minutes with equal parts water and concentrated am- 
monium hydroxide (14 per cent. ammonia) in a casserole. Filter 
and wash. A yellow, insoluble residue may indicate iodide ion 
which always should be confirmed. Make the ammonium hy- 
droxide filtrate distinctly acid with nitric acid. A pale yellow 
precipitate indicates bromide ion. Thiocyanate will be pre- 
cipitated (and also chloride if present originally in large amount). 
Filter and dissolve in equal parts water and ammonium hydroxide 
asabove. Add (NH,).S until all Ag.S is precipitated and boil for 
two minutes. Filter, evaporate to 5 ml., acidify filtrate with 
nitric acid (a white precipitate may be due to sulfur), add chlorine 


+ Fluoride will precipitate with the oxalate as the calcium salt, 
but will not dissolve in dilute sulfuric acid. Fluoride is con- 
firmed by drying and burning the filter paper and mixing the 
dried residue with twice its weight of very dry powdered natural 


quartz. -Add concentrated sulfuric acid drop by drop to the 
mixture in a dry test-tube to form a very thin paste. Warm to 
90° to drive out SiF,, and suspend a wet glass rod in the test- 
tube one inch from the paste. Turbidity in the water on the rod 
due to silicic acid confirms fluoride. Also look for oily globules 
in the paste which appear not to wet the surface of the glass of 
the test tube. The test will be specific on the original solid. 

t Do not heat the solution because MoO; or arsenite and arse- 
nate ions may precipitate. To test for these latter ions, completely 
precipitate the ammonium molybdate with primary sodium phos- 
phate, filter, and pass H2S to obtain yellow precipitate of As:S:, 
indicating these ions. 

** 0.25 M NH;OH, 0.25 M KNO;, 0.01 M AgNO; (4). 
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water and one ml. of CS, and shake vigorously. A brown or 
amber color in the CS, layer confirms bromide ion. Add 1 ml. 
of ferric nitrate. Red coloration in aqueous layer indicates thio- 
cyanate ion. Add mercuric chloride solution, and if aqueous 
layer is decolorized, thiocyanate ion is confirmed. 

The suspected AgI precipitate is washed free of bromide ion 
with 1:1 ammonium hydroxide and is transferred to an evaporating 
dish. Add powdered zinc and dilute sulfuric acid, and cover. 
After several minutes filter off the zinc, add one ml. of concen- 
trated nitric acid in a test-tube, 3 ml. of hydrogen peroxide, 
and one ml. of carbon disulfide. Shake vigorously; a purple 
color in the carbon disulfide layer confirms iodide ion. 

Group IV: To the filtrate* from the precipitation of Group 
III, neutralized with ammonium hydroxide, add NazSO, solu- 
tion until precipitation is complete, filter, discard the precipi- 
tate, and evaporate the filtrate to a volume of 20 ml. A purple 
color in this solution indicates permanganate ion, which can be 
confirmed with sulfuric acid and oxalic acid. 

To a portion of this filtrate add acidified (0.4 N H,SO,) ferrous 
sulfate.t A brown coloration throughout indicates nitrite ion 
which may be confirmed by the thiourea test.t 

In the absence of nitrite, to a portion add 5 ml. sodium nitrite 
solution, 4 ml. concentrated nitric acid, and 5 ml. silver acetate. 
A white precipitate of silver chloride indicates chlorate ion. 

The brown ring test and the diphenylamine test are appropri- 
ate nitrate tests. The latter is also positive for chlorate and 
permanganate ions. ' 

With another portion carry out the turmeric test for borate. 

Evaporate another portion to dryness and transfer the residue 
toa dry test-tube. Add 2 ml. of concentrated sulfuric acid and 2 
ml. of methanol or ethanol. Draw a short piece of glass tubing 
to a tip in the flame (or use the nipple from a wash bottle), insert 
this into a cork, and stopper the mouth of the test-tube with it. 
Warm and ignite to confirm borate ion. 

Special tests: 

An acetate test must be made on a small portion of the original 
solution, since acetate ion is introduced into the main portion. To 
2 mi. of the original unknown solution add copper sulfate until 
precipitation, if any, is complete. Filter and evaporate filtrate 
almost to dryness. (Discard the precipitate which may be sul- 
fide, etc.) To this evaporated filtrate, in a crucible, add two ml. 
concentrated sulfuric acid and boil gently. The odor of vinegar 
indicates acetate ion. Add three ml. ethyl alcohol and continue 
to boil gently. The fruity odor of ethyl acetate indicates acetate 
ion. Ions yielding volatile acids interfere, e. g., NOs. 

As an alternative acetate test, the two ml. of original unknown 
solution may be made exactly neutral. If basic, render slightly 
acidic with HCl, or if acidic, neutralize with NaOH and then 
render slightly acid with HCl. Add lead nitrate until precipita- 
tion is complete (to remove Cl, S, COs, etc.). Filter, evaporate 
filtrate to dryness, ignite in a casserole to drive off excess HCl, 


* If cations with interfering colors are present, boil the filtrate 
with 15 ml. of 2 N NasCO; solution in a covered casserole for ten 
minutes. Filter, wash, and discard the precipitate and add 
acetic acid to the filtrate until all gas evolution ceases. Care- 
fully neutralize with NH,OH. 

+ Such a solution will remain reduced for months if a few coarse 
iron filings are placed in the bottle. 

t Nitrate ion usually accompanies the nitrite ion, and further 
there is no simple and satisfactory discriminating test for the 
former in the presence of the latter (6,9). If nitrite is found omit 
a nitrate test. 
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and add four drops of 1 N ferric chloride solution. A reddish 
brown coloration may indicate acetate ion. 

Add 25 ml. of water, boil two minutes, and examine in a glass 
vessel for a light-brown flocculent precipitate. In the case of 
traces the precipitate may be difficult to discern, but in the 
absence of the intense red color of the ferric chloride solution it is 
safe to report a trace of acetate ion. 

A special thiosulfate confirmatory test should always be per- 
formed in doubtful cases because of its greater sensitivity, and 
since sulfide in the presence of certain oxidizing agents may pre- 
cipitate sulfur in Group I. Sulfite and sulfide may fartially 
interact to precipitate sulfur in Group I, hence if sulfite is found 
in Group II and sulfide was found in Group I, before reporting 
thiosulfate remove sulfide from a 1-ml. portion of the original 
alkaline solution by adding 1 N cadmium nitrate solution until 
no further yellow precipitate is formed. (Ignore a white pre- 
cipitate.) Filter and add barium chloride until precipitation is 
complete (precipitating both excess hydroxide and sulfite). 
Filter and add filtrate to 20 ml. of water in a test-tube which 
contains one ml. of alkaline potassium permanganate solution 
(0.05 per cent. KMnQ, and 0.10 per cent. NaOH). If the solu- 
tion becomes bluish green turning to greenish yellow within 40 
seconds, report thiosulfate (look lengthwise down through the 
test-tube). 

Initial treatment of water-insoluble unknowns: 

If the unknown isa solid insoluble in water, but soluble in hydro- 
chloric acid, or in hydrochloric acid with zinc, treat one gram 
of the finely powdered solid accordingly by substituting hydro- 
chloric acid, or hydrochloric acid with 0.2 gram of granu- 
lated zinc for the acetic acid in Group I and continue to follow 
the remaining procedure. Ignore the chloride precipitate in 
Group III. 

Sulfites (completely soluble in hydrochloric acid without the 
zinc) will be detected in Group I by the evolution of sulfur dioxide 
which will turn the potassium chromate a distinct green color, 
unaccompanied by a rusty brown color (due to sulfide). In the 
rare case that both sulfide and sulfite are present, the fact will be 
made evident by the accumulation of free yellowish sulfur on the 
test-tube walls, or if thiosulfate is present (water-insoluble thio- 
sulfates are extremely rare), there will be white milk of sulfur in 
the solution and sulfur dioxide evolved. If water-soluble ace- 
tates or chlorides are suspected, these may be tested for in a 
portion which has been extracted with water alone. 

If the unknown is a solid insoluble in water or in hydrochloric 
acid with zinc, use a quantity of solution containing one gram of 
solids that is obtained in the usual manner by the alkali carbonate 
boiling or fusion procedure. Carbonate and sulfide must be 
tested for on 0.5 gram of the finely powdered original substance 
using 0.2 gram of granulated zinc and dilute hydrochloric acid. 
In this manner certain sulfides, such as pyrites, that do not 
readily decompose in the carbonate procedure will give the char- 
acteristic test. Silica is identified in the original solid by the 
usual tests (1). Extract the insolublé residue remaining from 
the alkali carbonate procedure with concentrated ammonium 
hydroxide, filter, acidify the filtrate with acetic acid, and test for 
Group III. 

A consciousness of the incompatibility of the simul- 
taneous presence of certain ions in a given physical 
state should be established in the minds of students. 
This should be from the point of view of both interac- 
tion and solubility characteristics. 
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CONSTRUCTION AND ARRANGEMENT OF THE APPARATUS 


ERHAPS the greatest difficulty which one ex- 
Pooerences in beginning work on the magneto-optic 

method* is the construction, arrangement, and 
adjustment of the apparatus. Consequently, it has 
been thought advisable to present a more detailed dis- 
cussion of these three topics than has been available in 
the past. There are many details which cannot be ade- 
quately described in articles of this type; it is almost 
imperative that one attempt this work only after 
observing a set-up in operation. 

An apparatus has been constructed in this labora- 
tory according to the general plans given by Allison.! 
Before the apparatus evolved into its present form four 
set-ups were examined and modifications suggested in 
each case were adapted to it. 

A diagram of the apparatus is given in Figure l. 
Tr, and 772 are transformers, the former a 12-volt 
filament type and the latter a 25,000-volt resonance 
spark type. Each transformer is supplied from a com- 
mercial 110-volt, 60-cycle line. R,; and Re, are sliding 
rheostats in the primary circuits of the transformers. 
K is a Kenotron for half-wave rectification of the high- 
voltage current. V is an alternating current voltmeter 
which should be calibrated to fifteen volts. J; and J: 
are choke coils. C is a variable parallel plate condenser 
which discharges across a magnesium spark-gap G. 
The transient surges pass across the spark-gap to the 
trolley system at M@, and divide into two parallel 
paths: MiT,BiT,' Me and M,T2BoTo' Mo. f ee Eg is 
a fixed trolley and 727,’ a movable trolley. The light 
created at spark G is collimated by the converging lens 
I and rendered practically monochromatic by two 
Wratten filters F. It is polarized by the Nicol ™,, 
passed through the solenoids B, and Be which carry the 
liquids under investigation, analyzed by the Nicol Ne, 
and received by the eye at E. N; is an auxiliary Nicol 
used to control the light intensity. P is a polariscope 
disc calibrated in angular degrees. 

The transformer 77; is a 12-volt, 0.8 Kva Thordarson 
filament transformer, type T 122. T?e is a specially 


* For the first article of this series see J. Cue. Epvuc., 13, 
210-5(1936). 

1 (a) ALLISON AND Murpuy, J. Am. Chem. Soc., 52, 379 
(1930); (b) Atiison, Ind. Eng. Chem., Anal. Ed., 4, 11 (1932); 
(c) ALLISON, Am. Inst. Mining Met. Eng., Preprint, New York 
Meeting, Feb., 1932; ALtison, J. CHEM. Epuc., 10, 71 (1983). 


built 25,000-volt, 1 Kva, core-type transformer made 
by the General Electric Company. Its high-voltage 
winding consists of six coils concentric over the low- 
voltage coil. This transformer has-a core loss of 31 
watts, a copper loss at 75° of 75 watts, an impedance 
of approximately ten per cent., and an exciting current 
of 0.5 ampere. R, and R, each have a current-carrying 
capacity of 3.1 amperes and a resistance of 44 ohms. 
The Kenotron, K, is a type KP-2 manufactured by 
the General Electric Company. This tube is designed 
as a high-voltage, half-wave rectifier. Its filament 
is heated by a current of 10 amperes at 10 volts. The 
maximum peak inverse voltage of this tube is 100,000 
and its maximum peak plate current is 0.3 ampere. 
The choke coils, J; and Jz, each have a reactance of 2.5 
millihenries, a direct current resistance of 8 ohms, and 
a current-carrying capacity of 0.5 ampere. 

The wire-path system consists of three banks of four 
No. 18 copper wires, suspended overhead, spaced about 
20 cm. apart and extending from panel to panel on 
opposite walls of the room. The lower bank is shown 
in the diagram. The total length of a single wire is 
about 500 cm. The outside lower wires are continuous 
from wall to wall, whereas the inside lower wires, 
and each of those in the upper two banks, are divided 
into two equal lengths by means of 15-cm. Bakelite 
insulators. The lower bank carries two cross-trolleys. 
The trolley farthest from the observer is moved only 
during calibration. The other is so arranged that its 
position may be accurately controlled by the observer. 
The total movable trolley path is 225 cm. Each wire 
in the two ends of the wire-path system of the upper 
two banks carries three metal stubs, one of which is 
located near the insulated spacer and the others 150 
and 225 cm. from it. There are 48 of these stubs on 
the upper two banks. Pairs of wires are connected by 
means of 20-cm. copper wires with clips on each end 
which fasten to the metal stubs and can be moved from 
stub to stub when it is desired to change the length of 
the electrical circuit. The banks are connected by 
permanent wire leads. The inside wire of the third 
bank of portion 7; has a wire leading to the solenoid 
Be, around B:, and up to the inside wire of the third 
bank of portion 7J,’._ Portions JT; and 7,’ are similarly 
connected through B;. 

Portion 7; of the wire system just described has a 
total length of 13.5 meters. A similar length is in 
portion 7,’. Since the trolley at 7,7,’ is fixed (in this 
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set-up at the values given in Figure 1) the total vari- 
able wire-path in portion 7; is 9.0 meters. A similar 
length is in portion 7,;’. By combining portions 7; 
and 7» a total variation in wire-path of 22.5 meters is 
possible. 

The zero position of the two trolleys is shown in 
Figure 1. The position of 727%’, when electrical and 
optical balance has been attained in the system, is 
arbitrarily selected as positive 15.00. An extension of 
wire-path in portion 72 is recorded as a positive in- 
crease, whereas an increase in portion 7) is recorded 
as negative. With the zero position of the trolleys 
selected as shown in Figure 1 a total variation in 
wire-path from —10.50 meters to +12.00 meters is 
possible. 

The scale for measuring the position of 727>’ is con- 
structed to read directly in Allison units. Allison 
constructed his scale in such a manner that time-lags 
in the Faraday effect could be read directly. He con- 
sidered the velocity of an electric impulse 3 xX 10° 
cm. per second and selected 15 cm. as the unit of his 
scale. Thus, a unit displacement of the trolley along 
such a scale corresponded to a change in wire-path of 
30 cm., or a time interval of 10~® second. 727>’ is 
located on the scale at 15.00 when there is electrical and 
optical balance in the apparatus, that is, 15.00 is se- 
lected as the zero point of the set-up. The units are 
marked on a piece of seasoned wood of */, X 11/2 


inch cross-section. The major units are labeled and 
the tenth units are indicated. This scale extends from 
the center of the wire system, just below the level of 
the lower bank of wires, parallel to and equidistant 
from the two center wires. For convenience in the 
calibration of the apparatus a similar scale, marked 
but unnumbered, is placed on the fixed trolley side. 
A pointer on the movable trolley contacts the scale. 
A vernier arrangement on the trolley indicates the 
one-hundredth scale divisions. 

It should be noted that the distances between the 
stubs on the upper two banks of wires are 150 and 75 
cm., respectively. This corresponds to an increase or 
decrease in the wire-path of 10 and 5 Allison units, 
and gives a total variation of wire-path from —35.00 
to +40.00 Allison units, or from —20.00 to +55.00 
scale divisions if one uses 15.00 as ™~ zero point of 
the scale. 

The movement of trolley 727%’ is ‘mania about by 
a system of pulleys and a belt which is operated by a 
hand-wheel in easy reach of the observer. 

The movable trolley is made in the form of the 
letter T. The stem of the T lies along the top of the 
wooden scale and the cross extends perpendicularly 
to the scale, immediately under the lower bank of 
wires. Each end of the cross carries a brass strip with 
notches 20 cm. apart to carry the wires of the lower 
bank. Firm contact is made by means of spring-brass 
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wires which press the trolley wires into the notches. 
The trolley is guided by rollers fastened to the stem of 
the T and extending over the side of the wooden scale. 
Contact is made at 7,7,’ by means of brass rods per- 
manently clamped into position. 

The two solenoids B, and By are identical helices of 
sixty turns each of No. 18 cotton-covered copper wires, 
wound on Bakelite tubes 3.5 cm. outside diameter and 
15 cm. long. 

The optical train is essentially that used by Allison 
but is different in some minor details. The spacing of 
the respective parts of the train is indicated in Figure 
1. Two brass uprights, 5 cm. wide, one supporting JN; 
and the other supporting Ne, are fastened rigidly to a 
brass plate lying on a solid foundation. Two smooth 
wooden strips are bolted to the brass uprights and are 
so adjusted that they support the lens, filters, and the 
two solenoids in optical alignment with G, M,, and Np. 
The achromatic lens L, focal length 21.6 cm., is held in 
a wooden holder which may be moved horizontally 
and vertically by means of screw mechanisms. The 
Nicol, N3, is equipped with a pointer which moves 
over a protractor. This arrangement enables changes 
in the angular position of the Nicol to be read. 

The filters, F, are two Wratten color filters, Nos. 35 
and 48, of B glass, two inches square, and set in a slotted 
wooden holder. They transmit only the intense 4481 
A. magnesium line. S is a blackened cardboard shield 
to eliminate stray light. The two solenoids B, and By 
lie in Bakelite holders which may-be made to slide 
along the wooden strips which support them. In the 
actual operation of the set-up, B, is not moved. B, 
may be moved backward and forward along the line 
GE by means of a rack and pinion arrangement. The 
actual position of Bz. is recorded by means of a pointer 
which moves over a scale constructed with its units 
twice as large as the units of the trolley scale. The 
polariscope disc, P, is attached to the housing which 
carried the analyzing Nicol, Ne, in such a manner that 
it may be removed at will. The cells which hold the 
liquids or solutions under investigation lie inside B, 
and By. These cells are made of pyrex tubing about 2.5 
cm. inside diameter and 22.7 cm. long. The ends of 
these cells are ground perpendicularly to the axis. 
No. 2 microscope cover glasses are sealed on each end 
of the cells by means of sodium silicate or picein ce- 
ment. The former is used for carbon disulfide and the 
latter for aqueous solutions. A hole about 0.4 to 0.5 cm. 
in diameter is blown in the wall of each tube in order 
that it may be filled. 


ADJUSTMENT AND OPERATION 


Although at the present time the explanation of the 
Allison effect as a time-lag is not universally accepted, 
the operation of the apparatus can be explained best 
by this theory. There is perhaps no serious objection 
to the time reaction theory so long as it does not refer 
to a classical Faraday effect. 

The rapid discharges of the condenser across the 
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spark-gap serve both as the source of light and as an 
interrupter for the current which gives rise to the 
magnetic fields in B, and By. The fields in B; and B, 
are established simultaneously only when the two 
parallel surges reach B, and Be at the same time. This 
condition is brought about when M,7,B;, is the same as 
M,T2Be. A movement (away from M,) of trolley 
T2T.' from this position of electrical symmetry causes 
a field in B, to be established later than in B;. Simi- 
larly, a motion of 727,’ toward M, brings about the 
establishment of field B: earlier than By. 

To adjust the apparatus the following procedure is 
necessary: the glass cells which rest in B, and By are 
filled with carbon disulfide, and the current is tempo- 
rarily short-circuited across the helices, thus preventing 
the establishment of magnetic fields in them; the filters 
are removed, the parts of the optical train are brought 
into alignment, and the Nicol N2 crossed with respect 
to N,; the trolleys 7,7,’ and 7272’ are temporarily 
set approximately equidistant from M,; the two helices 
are then connected in such a manner that their polari- 
ties are opposite, and the filters are placed in the light- 
path. Thereupon light emerges from Ne since the 
rough adjustment of the trolleys does not bring about 
electrical and optical balance. This condition arises 
from the fact that in general the light rotated in B, 
does not exist in B, at a time when the field is estab- 
lished there and therefore cannot be rotated back into 
the plane of N,. The trolley 7272’ consequently is 
moved until a position is found at which the light is 
extinguished in Np», 7. e., the light rotated in B, is ro- 
tated back into the plane of N, by the field in By. 
This position of 7,7,’ and 727,’ establishes the de- 
sired electrical and optical balance. The exact position 
of 7272’ is observed on the trolley scale. 77,’ is 
then moved sufficiently to allow 727>’ to read 15.00, 
the zero point of the scale. For example, if the position 
of 727.’ is observed to be 16.00, then 7,7,’ is moved 
toward M; by exactly 1.00 Allison unit; if, on the 
other hand, it is observed to be 14.00, 7;7;’ is moved 
away from M, by 1.00 Allison unit. In either case ob- 
servations will show that with the new position of 
T;T;’ light is extinguished in N, when 727,’ is at 
15.00. 

If the carbon disulfide in B, is replaced by an aqueous 
solution of hydrochloric acid (about 1 part HCl in 
10" parts of water) and the switch is thrown, light will 
emerge from Ne: If, however, 7272’ is moved to 
15.75, the light emerging from N2 reaches a distinct 
minimum. Likewise another point of minimum trans- 
mission of light is found when 727%’ is moved to 15.85. 
If an ammonium chloride solution is used, a minimum 
is found at 17.82, and if potassium chloride is used, 
minima are observed at 22.50 and 22.87. This indicates 
that carbon disulfide has a reaction time to the applied 
magnetic field longer by 0.75 and 0.85 X 10~° seconds 
than does hydrochloric acid, 2.82 * 10~* seconds longer 
than does ammonium chloride, and 7.50 and 7.87 X 
10~-° seconds longer than does potassium chloride. 
The same positions of 7,72’ may be obtained for these 
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compounds if the total lengths of the wire-paths in 
portions 7,7,’ and 727,’ are lengthened or shortened, 
if the change is the same in both. 

Positions of 7,7,’ for which minimum light trans- 
missions are observed have been reported over the range 
—4.00 to +56.00 scale divisions. In order to establish 
more accurately the zero point of the apparatus and to 
effect accurate spacings in the wire system, minima 
positions for aqueous solutions of many compounds 
have been observed. The data obtained were analyzed 
and the trolley 7,7,’ readjusted until subsequent data 
agreed with Allison’s. In all later work data have been 
recorded in terms of scale divisions (Allison Units) 
and no notice has been given to time-lags in the Faraday 
effect. 

When two or more minima positions are so near that 
accurate separations are difficult on the wire-path scale, 
the helix B, may be moved along the light-path scale 
and the setting made more accurately. The two scales 
may be used in combination as follows. Let us suppose, 
for example, that a minimum is to be found at 16.10. 
The trolley is set at some higher scale reading, e. g., 
16.20, and observations are made as the helix Bz, is 
moved toward the observer. When Bz; is moved 0.10 
division, the minimum is visible. The correct trolley 
setting is 16.20—-0.10 or 16.10. 

Observations of minima positions for compounds are 
carried out in exactly the same manner as in the cali- 
bration of the apparatus. It has been shown that in 
both inorganic? and organic® series of compounds the 
characteristic positions of the minima vary directly 
with the equivalent weight of the positive constituent 
of the molecule and inversely with that of the negative 
constituent. Curves of minima positions are plotted 
against the equivalent weights of the cations, with 
anion constant, and against those of the anions, with 
cation constant. From these curves the region of the 
scale is located in which minima are to be expected. 
This region is then examined carefully and the minima 
positions recorded. 

Certain minor adjustments, for example, the width 
of the spark-gap, the rheostat settings, and the optimum 
number of condenser plates, must be learned by ex- 
perience. These adjustments, influenced in part by 
atmospheric conditions, vary from day to day or even 
from hour to hour. In this set-up a 2-mm. spark-gap 
and approximately 10 condenser plates are ordinarily 
used. A satisfactory spark is usually produced by these 
adjustments, but at times the spark is so unsteady that 
in spite of extraordinary care no dependable readings 
can be obtained. The proper light intensity should be 
maintained at all times either by changing the con- 
denser capacity and the resistance R, or by the use 
of a third Nicol N3. If the light is too strong, minima 
cannot be read with certainty, if at all. 


2 ALLISON AND Murpny, Phys. Rev., 35, 124 (1930); Ref. 1a, 
p. 3801. 

3 McGHEE AND LAWRENZ, J. Am. Chem. Soc., 55, 2614 (1933); 
55, 4333 (1933). 
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PHYSICAL MEASUREMENTS 


Stroboscopic Method of Spark Control.—Adjustment 
of the magneto-optic apparatus is difficult, and con- 
siderable care and experience are required, not only in 
making this adjustment but also in maintaining it 
throughout the operation of the set-up. The obtaining 
of a good spark is perhaps the most difficult single ad- 
justment to establish and maintain. 

This stroboscopic method consists in controlling the 
discharge rate of the condenser by using the strobo- 
scopic principle as an index to proper adjustments. 
The set-up is composed of an 1800 R.P.M. synchronous 
motor carrying a disc on which is drawn a single radial 
line. The motor and disc are placed in such a position 
that the light from the spark illuminates the revolving 
disc. When the spark is properly adjusted, the radial 
lines on the disc appear to group themselves in two 
major positions, 180 degrees apart. The group dis- 
charges of the condenser, consequently, are the same 
as the frequency of the a.c. current, 7. e., approximately 
60 per second. The radial line appears to occupy from 
1 to 4 or 5 positions in each of the two sections of the 
disc, as shown in the accompanying diagrams (Figure 2, 
I, II, III, IV, V), the number depending on the con- 
denser capacity, the voltage applied to the primary of 
the high-voltage transformer, and the width of the 
spark-gap. These multiple lines may be interpreted as 
meaning that under these conditions the condenser 
charges and discharges 2, 3, 4, 5, etc., times per A.c. 
cycle. 
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The value of this method lies in the fact that when a 
symmetrical number of discharges are obtained for 
each cycle in the a.c. current, the spark illumination is 
comparatively uniform. The ordinary ratio of voltage 
on the transformer primary to condenser capacity re- 
sults in an uneven discharge rate (VI, VII, VIII), 
producing a spark very difficult to tise because its 
flickers and streamers cover up minima. The best 
conditions for reading are obtained when the discharge 
rate of the condenser is 3 to 5 per oscillations of the 
a.c. current (III, IV, V). A single discharge per 
cycle produces a spark too unsteady to permit ac- 
curate reading of minima. 

A steady spark is distinguishable by its sound. The 
observer, with practice, is soon able to judge a good 
spark by ear. Frequently, when a good spark is diffi- 
cult to obtain, the stroboscopic method is used. It is 
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valuable to the person beginning work on the magneto- 
optic apparatus. 

Spectroscopic Measurements.—Since the positions of 
minima vary with the wave-length of light, it is desir- 
able to determine if monochromatic light is being used. 
An inspection of a reliable table of wave-lengths re- 
veals several lines in the spark spectrum of magnesium 
in the region of 4481 Angstrom units. The 4481 A. 
line, however, is the most intense in that portion of the 
spectrum. 

The complete visible spark spectrum of magnesium 
has been examined with a wave-length spectrometer. 
When the spectrometer was arranged in the front of the 
eyepiece of the apparatus, with Nicols completely un- 
crossed and two Wratten filters, Nos. 35 and 48 in B 
glass, inserted, and the light was examined, only the 
lines at 4481 A., 4703 A., and 4352 A. were visible. 
The 4481 line was strong and the others, though visible, 
were very faint. With the filters in the light path, the 
apparatus was operated in two ways: (1) Nicols crossed 
with opposing fields, and (2) Nicols uncrossed with 
assisting fields and the light intensity controlled by a 
third Nicol. The light in each case was examined 
both visually and photographically. In the latter case 
Wratten and Wainwright Hypersensitive Panchromatic 
plates were used. The results are shown in Table 1. 


TABLE 1 


ANALYSIS OF THE LIGHT FROM MAGNESIUM SPARK FILTERED WITH WRATTEN 
Fitters Nos. 35 anv 48 in B Grass 


Nicols crossed, Nicols uncrossed, 
opposing fields assisting fields 
Visual 
method* 


Not seen 


Ware-lengths, A. 
From 
table 


4703 


Photographic 


Two hours, 
faint line 
Ten minutes, 
strong line 
Two hours, 
no line 

Two hours, 
no line 


Visual 
Faint 


Read 
4703 


4481 4481 Weak Weak 


4391 4393 Not seen Not seen 


4352 4353 Not seen Faint 


* The photographic method showed no lines on a twelve-hour 
exposure. 


Measurements of Radio Frequency and Current.— 
The radio frequencies were measured with a General 
Radio Company wave meter. The set-up was ad- 
justed so that the condenser discharged 3 times per 
cycle in the a.c. current. The external coil of the wave 
meter was placed near and parallel to one of the coils 
of the set-up. In Table 2 the results of these measure- 
ments are recorded. 


TABLE 2 
RADIO FREQUENCIES IN MAGNETO-OPTIC APPARATUS 


No. of glass 
Wave-length, plates in Wave-length, 

meters condenser meters 
475 875 
550 900 
600 975 
675 1075 
720 1150 
775 1220 
820 1250 
850 


No. of glass 
plates in 
condenser 
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After these measurements were made a new trans- 
former was adapted to the set-up. Radio frequency 
measurements were repeated and approximately the 
same results as those given in Table 2 were obtained. 
Operating with 10 condenser plates, the wave-lengths 
in both coils of the apparatus were shown to be 800 
meters. With the induction coil of the wave meter 
between the unknown and the carbon disulfide coils the 
wave-length remains constant as long as the polarities 
of the two coils are opposite, but is changed to 980 
meters when their polarities are the same. A change in 
the wire-path of 450 cm. does not materially affect the 
wave-length in either coil. 

A hot-wire ammeter was inserted at various points 
in the circuit and the average current was measured. 
With 8 plates in the condenser the current flowing in 
M2Tr2 (Figure 1) was 0.22 ampere, in MG 2.3 amperes, 
in M,B, 1.2 amperes, and in M@,B, 1.2 amperes. With 
21 dielectrics the current in M277. was 0.22 ampere, 
in M,G 3.25 amperes, in M,B, 1.75 amperes, and in 
M,B, 1.5 amperes. With 21 plates B, carried 2.8 
amperes when B, was not in the circuit and By carried 
2.7 amperes when B, was not in the circuit. 

The average peak amperage in the circuit has been 
estimated by Allison to be 75 to 100 amperes. 


UNKNOWNS 


The magneto-optic method of chemical analysis has 
been criticized by several authors‘ because they did not 
find that positions of minima were functions of the 
substances under observation. McGhee® and Ball,® 
however, have reported the successful solution of a 
series of unknowns by the method. This would indi- 
cate that minima are actual functions of the sub- 
stances examined. 

The authors have considered it advisable to solve a 
series of unknowns with the magneto-optic apparatus 
in order to confirm the method further. The solutions 
to be examined were made up by one (T.R.B.) and 
handed over to the other (S.S.C.) who made the 
analyses.* The authors had no contact with each 
other during these analyses. Two sets, unknowns 
A and B, of three compounds each were made up to 1 
part in 10’ parts of water, labeled 1, 2, and 3, and 
given to S.S.C., who diluted each to about 1 part in 
10'°, added hydrochloric acid, and examined them 
separately on the apparatus, making use of the chloride 
minima where possible. $.S.C. knew the compounds 
to be searched for in both these unknowns but did not 
know the arrangement of the compounds in the re- 
spective flasks. The problem, then, was to identify 
the compound in each flask. Further, three compounds 


4 PAPISH AND SHUMAN, Science, 74, 636 (1931); PAPISH AND 
Walner, J. Am. Chem. Soc., 53, 3818 (1931), footnote; SLacK, 
J. Franklin Inst., 218, 445 (1934); Stack AND PEop.es, Phys. 
Rev., 45, 126 (1934); JEPPESEN AND BELL, ibid., 47, 546 (1935). 

5 McCGHEE AND LAWRENZ, J. Am. Chem. Soc., 54, 405 (1932). 

6 Batt, Phys. Rev., 47, 548 (1935). 

* The authors wish to express their thanks to Mr. R. E. Win- 
gard for checking these results. 
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were selected by T.R.B. from a list of seven submitted 
by S.S.C. (unknown C) and made up exactly as un- 
knowns A and B. Portions of each of the three solu- 
tions of unknown C were mixed by S.S.C., diluted as 
before, and examined. The three compounds of un- 
known C were then examined as unknown D to locate 
each compound in its own flask. Another set of three 
out of seven, unknown E, was attempted; in this case, 
however, the unknown was missed. The analyses 
were entirely correct in each of unknowns A, B, C, and 
D. 

The probability of conjecturing the compound in 
each flask of unknowns A, B, and D is 1 in 6 for each 
unknown, and of guessing correctly the 3 out of 7 com- 
pounds selected for unknowns C is 1 in 35. The total 
probability of guessing correctly all the unknowns is 
the product of these four probabilities, or 1 in 7560. 
These results would indicate that minima exist and that 
their positions are characteristic of the substances 


' under observation. 


THE JOHNS HOPKINS UNIVERSITY RE- 
SEARCH CONFERENCES 


The Biology, Chemistry, and Physics Departments of The 
Johns Hopkins University will hold a research conference this 
summer at Gibson Island near Baltimore. The conference, 
under the general direction of Neil E. Gordon, will run five 
weeks—June 22 to July 24. The program given below is to be 
regarded as a tentative outline to be filled in or modified as may 
seem best. 


1. Nuctear Puysics—Dr. John A. Fleming, Chairman. 

June 22-27 

June 22. To be arranged 

June 23. Dr. E. Fermi and Dr. F. Rasetti, “Artificial 
Radioactivity Produced by Neutrons.” 

June 24. Dr. M. A. Tuve, ‘The Scattering of Protons by 
Protons and by Other Nuclei.” 

June 25. Dr. Gregory Breit, ‘“‘Theories of Nuclear Struc- 
ture and Nuclear Reaction.” 

June 26. Dr. Jesse W. Beams, ‘“‘A Discussion of the Im- 
pulse Methods of Producing High-speed Par- 
ticles.” 


PHOTOCHEMISTRY—Dr. W. A. Noyes, Jr., Chairman. 
June 29-July 4 

June 29. Dr. Edward Teller and Dr. Oliver R. Wulf, 
“Theory of Spectra of Polyatomic Molecules 
from the Standpoint of Quantum Mechanics.” 

June 30. Dr. Robert S. Mulliken, ‘‘Electronic States of 
Polyatomic Molecules.” 

July 1. Dr. L. A. Turner, “Fluorescence, Predissociation 
Resonance Phenomena.”’ 

July 2. Dr. Philip A. Leighton, ‘“‘The Determination of the 
Mechanism of Photochemical Reactions.” 

July 3. Dr. W. A. Noyes, Jr., “Importance of Photo- 
chemical Technic in the Study of Photochemical 
Reactions, the Behavior of Molecules in 
Various States of Excitation.” 


3. Tissuz RESPIRATION—Dr. Charles Glen King! Chairman. 
July 6-11 
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July 6. Dr. C. G. King, “Vitamins in Relation to Tissue 
Respiration.” 

July 7. Dr. K. A. C. Elliott, ‘Respiration Systems and 
Technics in the Study of Cancer.” 

July 8. Dr.C. A. Elvehjem, ‘Inorganic Elements in Rela- 
tion to Tissue Respiration.” 

July 9. Dr. E. S. Guzman Barron, ‘Respiration Studies 
with Single-cell Organisms.” 

July 10. Dr. Frederick Bernheim, “Oxidation of Amino 
Acids and Other Metabolites.” 


CHEMISTRY OF OLEFINS FROM PETROLEUM—Dr. Thomas 
Midgley, Jr., Chairman. July 13-18 
July 13. Dr. E. Emmet Reid, “Introduction.”’ 
July 14. Dr. Benjamin T. Brooks, ‘‘Fine Chemicals from 
Petroleum.” 
July 15. Dr. Gustav Egloff, ‘‘Polymer Gasoline.” 
July 16. Dr. Charles Allen Thomas, ‘Synthetic Resins 
from Petroleum.” 
July 17. Dr. Thomas Midgley, Jr., “Summary and General 
Discussion.”’ 
SYNTHETIC REsins—Dr. Leo H. Baekeland, Chairman. 
July 20-25 
July 20. Dr. Leo H. Baekeland, ‘Historical and General.” 
Dr. E. Emmet Reid, ‘‘Theoretical.” 
Dr. Howard L. Bender, ‘‘Colloidal.”’ 
July 21. Dr. H. J. Barrett, ‘‘Relation between Polymeriza- 
tion and Structure of Organic Molecules.” 
Dr. H. A. Bruson, ‘‘Synthetic Resins Derived from 
Natural Rubber.” 
Dr. John R. M. Klotz, ‘‘Resin-like Bodies from 
Polymerized Hydrocarbons.” 
Dr. Harry T. Neher, “Acrylic Resins.”’ 
Dr. G. O. Curme, Jr. and Dr. S. D. Douglas, 
“‘Resinous Derivatives of Vinyl Alcohol.” 
Dr. Ivey Allen, Jr., “Polymerization of Styrene.” 
Dr. T. F. Bradleyd, ‘Alkyd Resins.” 
Dr. A. M. Howald, ‘‘Urea-Formaldehyde Resins.” 
Dr. Lawrence V. Redman, ‘Phenol-Formalde- 
hyde.” 
Dr. Leo H. Baekeland, ‘‘“SSummary and Conclu- 
sions.” 


Further information may be secured from Neil E. Gordon, 
Department of Chemistry, The Johns Hopkins University, 
Baltimore, Maryland. 


MICROANALYSIS AND CHEMICAL 
MICROSCOPY AT CORNELL SUMMER SESSION 


During the coming Summer Session, July 6 to August 14, the 
Department of Chemistry of Cornell University will again offer 
a course in Quantitative Microanalysis, covering typical methods 
of inorganic and organic quantitative analysis according to the 
methods of Pregl, Emich, and others. Work may be arranged 
to suit the needs of the student, to shorten the period of instruc- 
tion, or to allow time for other courses. Enrolment is limited, 
and prospective students are urged to correspond with Professor 
M. L. Nichols in advance of registration. 

The summer course in Chemical Microscopy will also be re- 
peated. This will deal with micrometry and particle-size studies, 
quantitative estimations, microscopical characteristics and 
physical chemistry of crystals, illumination, ultramicroscopy and 
photomicrography, and textile and paper fiber examinations, 
the work being the full equivalent of that presented in the 
regular term. Microscopical Qualitative Inorganic Analysis 
will be covered separately, and may be taken with the general 
course. Inquiries should be addressed to Professor C. W. 
Mason, and arrangements for attendance of less than six weeks 
should be made before registration. 





CHEMICAL ENGINEERING 
at LAFAYETTE COLLEGE’ 


EUGENE C. BINGHAM 


Lafayette College, Easton, Pennsylvania 


N 1935 the American Chemical Society marked the 

I passage of three hundred years since John Winthrop, 
the younger, founded the chemical manufacturing 
industry. Chemical industry in those days was largely 
confined to the simpler operations—the production of 
soap, glass, the metals from their ores, and gun powder. 
While we were opening up the continent, we were con- 
tent to send raw materials to Europe to have them there 
elaborated into dyes, drugs, and perfumes, as well as 
watch springs and a multitude of products requiring 
human labor. The German coal-tar industiy, deliber- 


ately planned to maintain a world monopoly, was broken 
by the Great War in 1914. The story oi faritastic 
prices paid for dyes and such simple drugs as aspirin 
is familiar. Even soldiers’ uniforms were dyed with 
the fugitive and therefore unsatisfactory logwood dye, 
and the rookie learned that he could make himself 
pass for a veteran by washing out the color. 


Hundreds of chemical plants sprang up overnight 
and there was created a demand for chemists that has 
never ceased, even in the throes of depression. To the 
uninitiated, for America to have succeeded in making 
extremely complicated dyes and drugs, “starting from 
scratch,” without a long period of trial and error, seems 
nothing short of a miracle. It is explained by the fact 
that for long years, professors of chemistry had been 
teaching their students to make these particular sub- 
stances, knowing full well that in all probability the 
students would never have any opportunity to use 
their knowledge practically. 

In the haste of war, if manufacturers failed to con- 
sider the limitations of engineers without basic chemical 
knowledge, or of chemists without engineering experi- 
ence, or of both together, proceeding from laboratory 
experiments to full-size plant production without ade- 
quate small-scale production, mistakes were inevitable. 
The demand, therefore, has arisen, particularly in the 
small plants, for men who have training in both engi- 
neering and chemistry. Thus there is need for the chemi- 
cal engineer who is expected to know the various ‘unit 
processes” which go to make up chemical manufactur- 
ing, not only grinding, distilling, evaporating, filtering, 
and drying, but chemical operations, such as nitrating, 
reducing, diazotizing, hydrogenating, etc. Since the 
chemical engineer must often work with corrosive 
materials at elevated temperatures and at pressures as 


* Prepared in connection with the celebration, on March 20th, 
of the 70th anniversary of the initiation of the engineering courses 
in Lafayette College. 


high as possible, he must be thoroughly familiar with 
the properties of materials—especially of metals and 
alloys. The flow of liquids and of heat often are of great 
concern to the chemical engineer. Finally, and domi- 
nating all, is the question of yields and of the cost of 
production. 

The first program for the engineers who wished to 
devote themselves to the application of chemistry in 
this or any other country was tried out at the Massachu- 
setts Institute of Technology in 1888. It did not 
flourish, however, at first. It was Dr. W. H. Walker 
at M. I. T. who first realized that as electrical engineers 
differ from physicists, so chemical engineers must be 
trained to deal with chemical forces. The chemical 
engineer was to him a man of practical achievement . 
who utilizes his knowledge of chemical reactions in the 
solution of industrial problems, who derives, contracts, 
and operates industrial plants based on chemical reac- 
tions. In contrast with the purely research or labora- 
tory chemist, the chemical engineer must be sufficiently 
familiar with mechanics and related subjects to effect 
the economy of the art. 

It is a curious fact that this thesis, which has had 
so much to do with the growth of chemical engineering, 
was published in a journal called The Chemical Engineer 
by Richard K. Meade, a graduate of Lafayette, B.S. 
in chemistry and M.S., of the class of 1899, and for 
five years a member of the faculty. Meade was in- 
tensely interested in the development of chemical 
engineering in America and the use of the name The 
Chemical Engineer for his journal was highly suggestive, 
because, prior to 1904, no book existed with the words 
“chemical engineering’’ in the title. 

Meade said, ‘‘We have called our publication The 
Chemical Engineer, because the vast majority of tech- 
nical chemists of the present day are not only workers 
in the laboratory but have active supervision of the 
operation of our great chemical and metallurgical 
industries and hence are, strictly speaking, engineers; 
i. €., those to direct an enterprise.”’ 

Not only by means of his journal did Meade foster 
chemical engineering education at M. I. T., Michigan, 
Armour Institute, and elsewhere, but he advocated in 
his editorial pages, the organization of the American 
Society of Chemical Engineers. He said, ‘“The Pro- 
fession is now a recognized one, and there are probably 
five hundred chemical engineers in the country. . . There 
is no need for the chemist to work secretly any more 
than there is for the civil, mining, and electrical engi- 
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neers. These men meet and exchange ideas to mutual 
advantage, why should not chemical engineers profit 
in a like exchange?” 

In celebrating their silver anniversary, the American 
Institute of Chemical Engineers pay this tribute to 
their founder. 


‘‘When one endeavors to trace the origin of any human institu- 
tion or society, the path almost invariably leads back to some 
outstanding personality whose mind first conceived the need and 
purpose of the organization and whose initiative and industry 
were responsible for its early growth and development. In the 
case of the American Institute of Chemical Engineers, the per- 
sonality was that of the late Richard K. Meade, a brilliant engi- 
neer and the pioneering editor and founder of The Chemical 
Engineer.” 


Meade’s idea did not grow at once. He reprinted 
his original editorial in 1907 and pursued the matter 
further with personal letters to fifty or more leading 
chemists and chemical engineers of his acquaintance. 
He found abundant support, and accordingly took the 
responsibility for calling a meeting at Atlantic City. 
The Institute was started in June, 1908, there having 
been much discussion in the meantime as to the effect 
of the new organization upon the older American Chemi- 
cal Society. As charter member there was another 
Lafayette man, George P. Adamson, destined later to 
become its President. 

In spite of the rapid increase of chemical engineering 
curricula in the colleges, Lafayette did not immediately 
change her poli¢y. An institution with a limited endow- 
ment may well adhere to a policy of doing a few things 
well. Lafayette had a chemistry department which had 
enjoyed an enviable reputation. Its chemists had for the 
most part engaged in manufacturing and metallurgical 
operations, as the list will show. However, in 1915, 
the growth of chemical engineering caused the trustees 
to add that curriculum to the existent one leading to the 
bachelor of science degree in chemistry. At first it 
was merely planned to replace a thorough training in 
the fundamentals of chemistry, physics, mathematics, 
and chemical technology, the necessary mechanics, 
electrical engineering, surveying, graphics, and business 
management. 

The first student in the chemical engineering course 
was E. L. Barr, who entered in 1916, but he went to 
the War and did not complete the course. Three 
chemical engineers—Morris, Raynolds, and Williamson 
—graduated together in 1920. The course grew rapidly 
and during the depression each year has seen an in- 
crease in enrolment. The chemical engineers now 
outnumber the chemists by about three to one. This 
is the condition in other institutions. The chemical 
courses are admittedly among the most difficult in the 
college, but in spite of that fact these students maintain 
a very high rating. 

When industrial organizations plan for ‘tthe future, 
past data are accumulated, curves are plotted, and the 
probable future is predicted. It has been found that 
there are certain similarities in growth curves, a develop- 
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mental period, a period of expansion, and then a slacken- 
ing as stability is approached. There has been a rapid 
expansion in the manufacture of chemical products in 
this country, including such sensational products as 
rubber, camphor, ammonia, silk, all of them synthetic 
products. We have passed the developmental stage 
and are now in the period of expansion enjoyed by many 
other industries several decades ago. The curve of 
values of chemical products in the U. S. A., very recently 
prepared by Dr. Rautenstrauch of Columbia Uni- 
versity, shows an increase from one hundred millions of 
dollars in 1899 to a billion one hundred millions in 
1929. From that time, there has of course been a falling 
off, as there was a minor peak during the war. The 
curve, however, is now rising again. 

Dr. Albert H. White of the University of Michigan, 
in an address on building for the future in chemical 
engineering education, points out that the student 
enrolment in chemical engineering in the colleges of 
the United States has risen in this same period from 
zero to 7500 in 1929. In this curve also there is a war 
peak, but no slump during the depression. The youth 
of today have faith in the rapid expansion in the 
chemical industries in the immediate future. A 
questionnaire directed to our alumni in chemical 
manufacturing brings the response to a man that they 
would take the course in chemical engineering. 

In view of what seems to be a very clear mandate, 
Lafayette is adding a chemical engineering laboratory 
course to the present curriculum in order to give 
students practice in the various unit processes upon a 
plant scale. At the same time a reduction in the time 
devoted to quantitative analysis has made possible the 
addition of a course in a modern language. 

No graduate of Lafayette appears to have entered the 
field of chemistry until 1866, some thirty-four years 
after the college was founded. Adolph F. Bechdolt 
took the A.B. and A.M. and, in 1890, a Ph.D. degree, 
probably honorary, from Franklin and Marshall. He 
was professor of natural science at Mercersburg Col- 
lege. Later he was principal of high schools in the 
west. 

Two years later Charles McIntire (M.D., U. of P., 
73) received the degree A.B. here (1868), followed by 
A.M. He became an adjunct professor for six years 
and published the results of his researches. Many of 
his papers are on medical subjects. 

In 1870 William S. Roney received these same de- 
grees, A.B. and A.M., and became professor of chemis- 
try in the Hahnemann Medical College. 

William McMurtrie of the class of 1871 is perhaps the 
most distinguished chemist produced by the College. 
He received the degrees of E.M. and M.S., and later, 
Ph.D. (1875). He does not seem to have combined 
chemistry with medicine as did his predecessors, so he 
may be regarded as Lafayette’s first chemist. He was 
chief chemist of the U. S. Department of Agriculture 
from 1873 to 1878 and professor of chemistry at the 
University of Illinois from 1882 to 1888. He was 
decorated by France because of service rendered to 
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agriculture. He was the author of many papers. For 
many years he wrote a review of the progress of applied 
chemistry, and he was chosen to present a paper on 
this subject before the World Congress of Chemists in 
1893 [Cf. J. Am. Chem. Soc., 25, 546 (1893) ]. He was 
president of the American Chemical Society (1900) 
and a trustee of Lafayette College. 

Edward Hart, in ’74, studied here as an assistant 
under Dr. Drown, and then went to The Johns Hopkins 
University and took his doctor’s degree, being a fellow 
and one of the first graduates. He never took a college 
course, but was given an honorary bachelor’s degree 
after teaching at Lafayette for some years. He was 
connected with the college from 1874 to 1924, a full 
fifty years. During that time he organized the firm of 
Baker and Adamson to produce pure chemicals. He 
founded the Journal of Analytical Chemistry. For nine 
years he was editor of the Journal of the American 
Chemical Society, and merged the two journals. He 
started the Chemical Publishing Company and printed 
numerous books, The American Chemical Journal, and 
the Journal of the American Chemical Society. He in- 
vented a nitric acid condenser which was much used, 
and carried on numerous researches. One of his last 


studies was devoted to the recovery of potash from 
green sand and other materials. With one of his former 
students, Albert H. Welles, he started to manufacture 
picric acid asa dye. The U.S. Government ruled that, 


whereas the material was a dye, it was classified as an 
acid and was not protected. The process, like so many 
others which encountered the German monopoly, was 
forced to discontinue operations. 

Dr. Robert L. Slagle, of the class of 1887, also took 
the A.B. and A.M. degrees, followed by the Ph.D. 
degree from Johns Hopkins. He was professor of 
chemistry at the University of South Dakota and later 
became its president. 

A few members of the faculty at Lafayette in addition 
to those already mentioned deserve special note. Dr. 
Samuel Gross was the first appointee to the chair of 
chemistry—a local physician at the time, he later became 
a very celebrated surgeon in Philadelphia. He was at 
Lafayette for a very short time in the formative period. 

Another physician, Dr. Traill Green, came in 1837 
as professor of chemistry, occupied that position for 
forty years, and was emeritus professor for twenty 
years more. He was a trustee for sixteen years, and 
rendered distinguished service. He gave the money 
for the erection of the astronomical observatory. 

Dr. Thomas R. Drown paid back the debt that Phila- 
delphia owed Easton in taking away. Dr. Gross. He 
had been educated as a physician at the University of 
Pennsylvania, but studied chemistry at Yale, Harvard, 
and in Europe, so that he was thoroughly equipped 
to teach chemistry and to lead in its advancement. 
He brought with him his young apprentice, Edward 
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Hart. After seven years he accepted the chair of 
chemistry at the Massachusetts Institute of Technology. 
He came back to the Lehigh Valley as President of 
Lehigh University. He was an excellent chemist, a 
productive scholar, full of ambition, and a most inspiring 
teacher. He was an authority upon water sanitation. 

Many others have entered collegiate teaching: Dr. 
W. J. Karslake, ’91, at the University of Iowa; Dr. 
Henry T. Fay, ’89, at the Massachusetts Institute of 
Technology; Dr. George H. Meeker, ’94, at the 
University of Pennsylvania as Dean of the Medical 
School; Dr. Porter W. Shimer, ’78; Dr. Stuart Croas- 
dale, ’88; Dr. Charles L. Bryden, ’02; Richard K. 
Meade, ’99; Prof. James H. DeLong, 04; and Dr. J. 
Hunt Wilson at Lafayette College. 

Mention should certainly be made of John T. Baker, 
of 1882, and George P. Adamson, of the class of 1884, 
who with Dr. Hart organized the firm of Baker and 
Adamson. With the formation of the General Chemical 
Company, Mr. Adamson became its Director of Re- 
search. Mr. Baker, on the other hand, became the 
founder of the J. T. Baker Chemical Company. But 
perhaps best known of the Lafayette chemists who have 
entered manufacturing was James Gayley, Vice Presi- 
dent of the United States Steel Corporation, who re- 
ceived the Elliott-Crosson medal from the Franklin 
Institute and the Perkin Medal from the American 
Chemical Society. The dry air blast was perhaps his 
best known invention. Mr. Gayley was for many 
years a member of the Board of Trustees of the college; 
he gave the money for the chemical artd metallurgical 
laboratory that bears his name. It was dedicated in 
May, 1902, and has therefore served the college for a 
full generation. Gayley, McMurtrie, Shimer, and others 
of this period who went into chemistry after leaving 
college were all given the E.M. degree. Mr. John T. 
Baker of the class of 1882 was the first to receive the 
degree of B.S. in chemistry. Mr. Israel P. Pardee 
was also one of this number. More chemists graduating 
from Lafayette have entered the metallurgical industry 
than perhaps any other. The names of Dr. Porter W. 
Shimer, ’78 (starred in American Men of Science), Dr. 
Stuart Croasdale, ’88, consulting metallurgist and 
inventor, and Dr. Henry Fay, ’89, professor at the 
Massachusetts Institute of Technology (Amer. Acad. 
of Arts and Sciences), come to mind. Mr. Matthew 
J. Scammell, 1905, enjoys the distinction of having 
been superintendent of the blast furnace department at 
Youngstown and at Sparrow’s Point. 

Nobody seems to remember when the Larkin family 
was not in the soap business. Four of the sons came to 
Lafayette, studied chemistry, and went back to Roches- 
ter to engage in that business. If that company has 
benefited from the chemistry obtained at Lafayette, 
it is equally true that Lafayette has greatly benefited 
through the loyal munificence of the Larkins. 








ELEMENTS of the QUANTUM THEORY’ 


X. THE HYDROGEN MOLECULE. PART I. HEITLER-LONDON THEORY 
SAUL DUSHMAN 


Research Laboratory, The General Electric Co., Schenectady, New York 


INTRODUCTORY REMARKS 


HE problem of determining the solution of the S. 

equation for the helium atom is a limiting case of 

the problem which is presented by the hydrogen 
molecule. If in the case of the latter we permit the 
two nuclei to approach until they coalesce, we obviously 
obtain the same system as that of the helium atom. 
Consequently, we expect to find in the solution of the 
S. equation for the hydrogen molecule certain similari- 
ties with the results obtained in the previous chapter. 
However, there is one feature of the hydrogen mole- 
cule which is of extreme importance, and which does 
not occur in the case of the helium atom. This con- 
cerns the interpretation of the valence bond, which, on 
the basis of the Lewis-Langmuir theory, is regarded as 
due to the sharing of two electrons between the two 
hydrogen nuclei. The first successful application of 


quantum mechanics to the solution of the problem of 
the hydrogen molecule was made by W. Heitler and 


F. London,f and while subsequent investigators have 
developed methods of attacking the problem by which 
more accurate results have been obtained, we shall find 
it advantageous to discuss the Heitler-London (HL) 
theory in some detail before describing some of the 
other methods. 


METHOD OF HEITLER AND LONDON 


We consider a system consisting of two nuclei A and 
B, and two electrons 1 and 
2, as indicated in Figure 49. 
In the unperturbed state, 
where the two atoms are 
quite separate, it is obvious 
that the energy, E = 2), 
where Eo is the energy of 
the hydrogen atom in the 
normal state, as given by 
equation (235) of Chapter 
VI. Forelectron 1 attached 
to nucleus A and electron 2 
to nucleus B, the eigenfunc- 
tion is given by 





FIGURE 49.—ILLUSTRAT- 
ING NOTATION USED IN For- 
MULATING POTENTIAL EN- 
ERGY FUNCTION FOR INTER- 
ACTION OF Two HyDROGEN 
ATOMS 


go: = ua (1) up (2) (401) 

* This is the thirteenth of a series of articles presenting a more 
detailed and extended treatment of the subject matter covered 
in Dr. Dushman’s contribution to the symposium on Modernizing 
the Course in General Chemistry conducted by the Division of 
Chemical Education at the eighty-eighth meeting of the American 
Chemical Society, Cleveland, Ohio, September 12, 1934. The 
author reserves the right to publication in book form. 

¢t HEITLER AND Lonpon, Z. Physik, 44, 455 (1927). 


where 
Ua (1) = 


1 °€77A) Jay 
19° 

. + €7"B, /20 j 
WAy* 


and ra, and rp, refer to distances indicated in Figure 49. 

But corresponding to the same energy, 25, it is also 
possible to have the eigenfunction obtained by inter- 
changing the electrons, that is, 


2 = ua(2)up(1) 


up (2) = 


(403) 


= ms se7 (Tas +rp,) /ao 
Wag 


(404) 


Consequently, the system is degenerate and the 
zero-th order eigenfunction should be represented, as 
in the case of the excited helium atom, by the two 
linear combinations. 


ga = adi + dos 
op° = Chi + doe 

where a, 0, c, and d are constants. 
The eigenfunctions representing to first-order pertur- 


bation terms, the perturbed state, that is, the state in 
which the two atoms are interacting, will be given by 


ga = da + va (407) 


(405) 
(406) 


and 


op = op° + vB (408) 


while the corresponding eigenvalues will be 
a = 2Eo + Na (409) 
and 
Ep = 2Ey + 
These will represent the eigenfunctions and eigen- 
values corresponding to the S. equation: 


V1" + V2 + « [E — Vot+ ViA + VB + 
V,8 + V2A) ¢ = 0 


(410) 


(411a) 


or 
Ho = Ed (411d) 
where the operator, H, is defined by the relation 


H= {—1/« (V1? + V2?) + Vo — (Vid + VoB + 


ViB + V2A)} (412) 


and 
k = 8r2u/h? 
e2 e? 


leas a 


ViA = e*/rai, Vo® = €?/rp2, Vi® = e?/rpi, Ved = €2/ra2 (413) 
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The suffixes on the Laplacian operators refer to elec- 
trons 1 and 2. 

Since ¢.° and ¢,° must be orthonormalized functions, 
it follows that 


f (ba°)*dv,dv, = (414) 


f (pp°)?dv,dv. = 1 


f $a'bgidnde, = 0 (415) 


where the integration is carried out over the whole con- 
figuration space for each electron. 
By substituting in these last two equations from 
equations (405) and (406), it follows that 
a? + b? + 2abS? 1 
c? + d? + 2cdS? 1 
ac + bd + (ad + bc)S? = 


(416) 
(417) 
(418) 
where 


S= f did2dy; dv2 


= } ua(1)up(2)u4(2)up(1)de,dv2 (419) 

Now it is evident that for R = ©, that is, for the un- 
perturbed state, S = 0, since either $, or $2 represents 
the two separate atoms. On the other hand, for R = 
0, as mentioned already, the system becomes identical 
with that of the normal helium atom, for which 


Sa f }wcrya2y {do a 


Hence, in the case of the hydrogen molecule, 1 >.S>0, 
and since in the case of helium, the zero-th order eigen- 
functions for the excited states are 


¢s° = a \ Un(1)Um(2) + uUn(2)um(1) ” 


ga? = Wi ) MaCL)dm(2) — ten(2)t4m(1) 


we assume @ = b. The validity of this assumption 
will be justified by the resulting deductions. 
From equation (416) it follows that 
1 


oe" its 


Also, from equation (418), it follows that 
b(c + d) (1 + S*) = 0 
Since 
b # Oand S? # 1,c = —d. 
Hence, by substituting in equation (417), we deduce 
the result 
1 —1 


"Vas vas ON 
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so that the orthonormalized functions are as follows: 


ga? = (d1 + ¢2) (422) 


1 
V2(1 + S?) 
1 


$69 = FS (41 — 2) 


Vai Sy ia 


By direct substitution of these relations in equations 
(414) and (415) it is readily shown that the latter con- 
ditions are satisfied, so that equations (422) and (423) 
represent orthogonal and normalized functions. 

From symmetry considerations it is also evident that 


fvscrun(nde = fus@)un(2hae 2 1S ~ (424) 


Furthermore, these four eigenfunctions satisfy the 
four S. equations: 
V2ua (1) + x(Eo + Vid)ua (1) = 0 
V2up (2) + (Eo + V2®)up +3 ; (425) 
V2ua (2) + e(Eo + Vo)ua (2) = 0 


V7up (1) + x(EBo + ViB)up ( 
and 


Hence, 
ua (1) V? up (2) + wp (2) V2 (1) 
—=— (2Eo ok VA + V2B) gr 


72h. = —x(2Ey + ViA + ViB) do 


Vor 
(426) 
(427) 
and 


V%(d1 + ¢2) + «{2Eo (di + 2) + (ViA + V2®) gi 
+ (VoA + Vi8)g¢2} = 0 


Now if ¢« is a solution of the S. equation (41lqa), 
then, by substituting from equations (407) and (422), 
we obtain the equation, 


V%(di + 2) + (2Eo + na — Vo + Vir +V22 + ViB + VeA) 


(1 + bo) + V2 + 2S? {Va + K(2Eo + na — Vo + Vid 
+ VB + ViB + Ve24)va} - 0 (429) 


From (429) and (428) it follows that 


V2 + 2S? (0% a + K(2Eo + na — Vo + ViA + V2B + VB + 
Vod)Pa} = «{(Vo — na) (dr + $2) — (Vit + VB) be 
— (ViB + V2A)¢oi} (430) 


This is an inhomogeneous partial differential equation 
of the same type as that encountered in equation (287), 
Chapter VIII, in connection with the calculation of the 
first-order perturbation energy term. In order that it 
may have a solution, it is necessary that the right-hand 
side of equation (430) should be orthogonal with re- 
spect to the solution, ¢; + ¢2, of the corresponding 
homogeneous differential equation. 

Hence 


(V¥e~ ne) { + ¢2)? duidvz = (Vo — na)(2 + 25?) 


(428) 


= fi ViA + V2B) do (¢1 + 2) dudv, + 


fc VA + Vi8) di (G1 + ¢2)dr:dv2 
That is, 
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where 


2Ey, = fi Vo(o1? + $22) — (Vit + V2B) 2? 


— (Vx4 + V8) g:?}duidve (433) 


2E. = fe Vo — ViA — VoB — Ved — Vi) pidsdoy doe 
(434) 


and S? is defined by equations (419) and (424). 

In a Similar manner it may be deduced that the first- 
order perturbation energy term corresponding to ¢¢ is 
given by the relation, 

_ En — Ex 

eal 

where Ej, and Ejs have the significance defined in equa- 
tions (433) and (434), respectively. * 


EuS — E 
= Ey +>," 


> (435) 


PHYSICAL INTERPRETATION 


The terms 7, and ng represent, to a first-order approxi- 
mation, two different values for the interaction energy of 
two hydrogen atoms, and an inspection of equations 
(422) and (423) shows that yn. corresponds to the sym- 
metrical zero-th order eigenfunction da, while ng corre- 
sponds to the antisymmetrical function ¢3. Thus the 
quantum mechanics treatment of the problem leads to 
the conclusion that two hydrogen atoms can interact 
in two different modes. The fundamental reason for this 
is the fact that it is possible for the two electrons to in- 
terchange places; or, stated in more technical language, 
the existence of two modes of vibrations and corre- 
sponding eigenvalues is due to the degeneracy of the 
system in the unperturbed state. This, in turn, occurs 
because the two electrons are absolutely equivalent, so 
that it is impossible to distinguish between them. In 
other words, the whole argument is a logical deduction 
from the principle of indeterminism in the sense that 
when two hydrogen atoms approach each other very 
closely, there is no experimental method by which each 
electron may be “‘tagged” and observed. 

Evidently the interaction energy terms 7. and 7g are 
functions of R. While the actual details of evaluating 
the expressions for Ey, and 
E\2 are discussed in a subse- 
quent section, Figure 50 shows 
the results deduced by Y. 
Sugiura,t which are more ac- 
curate than those obtained by 
Heitler and London in their 
investigation. The values of 
Na (curve S) and ng (curve 

, ‘ 5 
A) are given in electron-volts Ria 

FIGURE 50.—ENERGY 
CURVES FOR THE Two 
Mopes oF INTERACTION 
OF Two HyDROGEN 
Atoms; CwRVE S Cor- 
RESPONDS TO THE SYM- 
METRIC, AND CURVE A 


TO THE ANTISYMMETRIC 
MopDE 


* The notation E,, and Ej: is that 
used by Heitler and London. In a 
subsequent section these will be shown 
to correspond to matrix elements 
which occur in a second-degree secu- 
lar equation. 

+ Sucrura, Z. Physik, 45, 484 
(1927). 
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(v.e.)¢ as functions of the internuclear distance R/ao, 
where do denotes the Bohr unit radius. 

It will be observed that 7. reaches a minimum value 
of —3.2 v.e. for R = 1.52, ao = 0.80 A, while 1p is al- 
ways positive. Thus, 72 represents the lower energy 
state and must correspond to molecule formation, while 
ng, since it is positive, must correspond to repulsion be- 
tween the atoms.** Consequently, the symmetric 
eigenfunction, ¢., represents a stable state, while the 
anti-symmetric eigenfunction, ¢s, represents an un- 
stable state. 

Figure 51 shows plots of the same quantities in terms 
of calories per mole Hz. For comparison there are also 
plotted the energy term, Ey, and the curve calculated 
by P. M. Morse Tt from observations on the band spec- 
trum of Hz. The considerations upon which this cal- 
culation has been made will be discussed in a subse- 
quent section. 

Calculation shows that the term Ej, is negative (over 
a large range of values of R/ao) and greater in absolute 
value than E,, while S? is positive and less than 1 for 
all values of R/a) > 1. From the curves in Figure 51 
it is seen that for values of R/ao > 1.5, approximately, 
the relations between 1a, "g, En, and Ej, are those indi- 
cated diagrammatically in Figure 52. 
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FIGURE 51.—PLOTS OF THE TOTAL ENERGY, COULOMB 
ENERGY, AND EXCHANGE ENERGY AS FUNCTIONS OF INTER- 


NUCLEAR DISTANCE, FOR THE Two Mopss oF INTERAC- 
TION OF Two HyDROGEN ATOMS 


- OBSERVED ENERGY CURVE (iMoRSE) 





A consideration of equations (433) and (434) throws 
considerable light on the nature of the attractive en- 
ergy forces which lead to molecule formation. In 
equation (433), the term Vo(¢:? + ¢2”) represents physi- 
cally the total repulsive energy due to the nuclear 
charges and the electronic charge distributions. Simi- 


f1v.e. = 23,054 cal. per mole. 

** Thus, curve S is similar to the plots shown in Figure 46, 
Chapter VII-B, for the energy of interaction of two molecules. 

ttt Morse, Phys. Rev., 25, 57 (1929); also ConDON AND 
Morse, ‘‘Quantum mechanics,”’ p. 163. 
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larly, the other terms on the right- A A 


hand side of (433) represent the 
attractive energy between the nu- 
clei and the electronic charge dis- 
tributions. Hence, we may desig- 
nate Ey, as the Coulomb interaction 
energy. On the basis of classical 
considerations this should consti- 
tute the whole of the interaction 
energy between two hydrogen 
atoms. Actual calculation, as 
shown in Figure 51, indicates 
that the largest absolute value of Ey, (calculated for 
the value of R at which it is a minimum) is approxi- 
mately 10,000 cal. per mole. Since the observed 
energy of formation of Hz from the atoms is 109,100 
cal. per mole,* it is evident that most of the energy of 
formation must be accounted for by the value of Eye. 

What is the physical significance of the expression 
for Ey» as given in (434)? A similar difficulty was ex- 
perienced in the case of the exchange-energy term, H)., 
which was derived in the solution of the helium atom 
problem. |See Chapter IX, equations (347) and 
(354).] In the present instance also we designate Eis 
as the exchange-energy term (‘‘Austauschenergie”’), and 
the occurrence of such a term in the solution for a 
(or ng) is a purely quantum mechanics phenomenon 
for which there is no analog in classical experience, un- 
less it be in the interaction of two linear harmonic os- 
cillators. This was discussed in Chapter VII, and it 
was pointed out in that connection that whenever a 
system is capable of vibrating in two different modes, 
the actual motion will be obtained as a superposition of 
these two modes. In the case of the ionized hydrogen 
molecule it was shown that the application of the prin- 
ciple of superposition of vibrations leads to the conclu- 
sion that the system may exist in either a symmetric or 
antisymmetric state.t 

In the case of the hydrogen molecule a similar result 
is obtained because of the possibility of interchange of 
electrons between the nuclei, and if we calculate a fre- 
quency 42 = Ej2/h, we can regard the exchange-energy 
term as a measure of the frequency of interchange of 
electrons. 

There is this important difference between the en- 
ergy terms Hz and Ev, that while the latter is negative 
in the case of the hydrogen molecule (and in most other 
cases of interaction of similar atoms), the term Hy is 
positive, as is readily evident from equation (347) and 
the subsequent calculations in Chapter IX, Part I. 
This is due to the fact that Hi, represents a repulsive 
energy term which arises from the interchange of co- 
ordinates by two electrons of different quantum num- 
bers in the same atom. On the other hand, Ey repre- 
sents an attractive energy which occurs because of the 
possibility of interchange of two equivalent electrons, 
one from each of the atoms. 


gS") -Ee 
O o 


To. (+s ) £ l2 


Ss s 

FIGURE 52.—RE- 
LATION BETWEEN 
THE TERMS IN THE 
EXPRESSIONS FOR 
THE ENERGY OF IN- 
TERACTION OF Two 
HYDROGEN ATOMS 


* This is usually given as 4.73 electron-volts. 
+ See discussion, Chapter VII-A, J. Cuem. Epuc., 12, 185 


(1935). 
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On the basis of these considerations we are led to 
identify the quantum mechanics exchange energy, Ey,, 
with the energy of the non-polar or shared electron bond. 
This is most readily evident from the plots, calculated 
from ($2)? and ($8)2, of the density of charge distribution 
for the symmetric and antisymmetric cases, respec- 





FIGURE 53.—ELECTRON DISTRIBUTION FOR 
EvastTic REFLECTION OF Two HyDROGEN 
ATOMS 


tively. Figures 53 and 54, taken from a paper by F. 
London,{ show the results obtained. 

The density is constant on each curve (so that they 
correspond to the isobars in the case of atmospheric 
pressure measurements). The numbers attached to 
each curve give the relative densities or probabilities of 
occurrence of the electrons. Figure 53 illustrates the 
case of elastic reflection and shows that the electrons 
tend to occur during most of the time in the regions 
removed from the center. They avoid the region be- 
tween the nuclei. On the other hand, Figure 54, which 





FicuRE 54.—ELECTRON DISTRIBU- 
TION FOR HypDROGEN MOLECULE 
FORMATION 


represents the distribution for molecule formation 
(homopolar combination), shows that in this case the 
electrons tend to occur during most of the time in the 
region between the nuclet. Thus, the methods of quan- 
tum mechanics lead to an interpretation of the shared 
electron pair or non-polar bond of the Lewis-Langmuir 
theory of valency. When the chemists write the elec- 
tronic formula for H, as H:H, they are therefore in 
logical agreement with the conclusion deduced from the 
solution of the S. equation. In other words, the theory 
of Heitler and London gives a quantitative basis for a 
representation which the chemist had derived by in- 
tuition. 


t Lonnon, Leipziger Vorirdge, 1928, pp. 59-84. 
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THE APPLICATION OF THE PAULI EXCLUSION PRINCIPLE 


As in the case of the helium atom, we must take into 
consideration, in the present case, the electron spins. 
Here also we find that it is possible to obtain only four 
functions which are completely antisymmetrical in the 
electrons and which, therefore, satisfy the Pauli exclu- 
sion principle. Since the spins may be either parallel 
or antiparallel, we obtain, as discussed already in con- 
nection with the helium atom, the four spin functions, 
a, B, y, and 6, of which the first and last correspond to 
=ms = +1 and —1, respectively, while for 6 and y, 
=m; = 0. From these we derive three eigenfunctions 
which are symmetrical in the electron spins, viz.: 


a, (8 + y)/V2, and 5, 


and one which is antisymmetrical, viz., (8 — v)/V2. 
The only combinations of these functions with the or- 
bital eigenfunctions ¢. and ¢g, which can occur in ac- 
cordance with Pauli’s principle are the following: 


pa (B ie y)/V2 
and 
opa; oe(8 + v)/V2; $65 


Thus we find that there exist three possible states 
in which the atoms repel each other for one state in 
which they attract and form a molecule. That is, 
when two hydrogen atoms collide there is a 25% proba- 
bility that this collision will result in the formation 
of a molecule. Furthermore, in the molecule, the 
spins of the two electrons must be antiparallel. For 
this reason the normal state of the molecule is desig- 
nated spectroscopically as a singlet state ('Zz,), 
whereas the repulsive state is of the triplet type, 
(32x). 

The suffixes g and u signify respectively ‘‘gerade,”’ 
that is, even, and ‘‘ungerade,” that is, odd. These 
designations refer to the fact that 


ga (x92) = +¢a (x, =. —2) 
while 
$A(my12) = —op(—x, —y, —2) 

Although the energy state corresponding to ¢¢ is 
unstable, ‘‘it is used to explain a certain continuous 
spectrum emitted by He, due to transitions from an 
excited triplet state, not shown in Figure 50, down to 
the *2, curve. Transitions down to this curve would 
obviously lead to a dissociation of the molecule, giving 
rise to a continuous spectrum.’’* 


CALCULATION OF PERTURBATION ENERGY TERMS 


Let us consider first the integral 


S = f es(Duo( de (424) 


1 ” 
= a0r° (rar + TBv/Ody, (4362) 
‘ 
* J. H. VAN VLECK AND A. SHERMAN, ‘‘The quantum theory of 
valence,’ Rev. Modern Physics, 7, 168 (1935). This is also dis- 
cussed in Part 3 of this chapter. 
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We shall find it advantageous to express all distances 
in terms of a, and designate these by p, with a corre- 
sponding subscript. Thus pa: = 7a:/do, and so forth. 
In terms of these units, 


S= B f ear + Pade, (4365) 

Now in evaluating integrals such as those for S, Eu, 
Ey. and others which occur in two-center problems, it is 
found convenient to utilize spheroidal codrdinates of the 
particular type known as confocal elliptic. These are 
defined as follows: 


= é (par + opi) 
1 
B= an (par — pBi) (437) 


where D = R/a.f{ As third codrdinate, we use the 
angle 8, which a plane passing through the two nuclei 
and the instantaneous position of the electron makes 
with a fixed plane through the two nuclei. It will be 
recognized that A defines an ellipse described about the 
two nuclei as focal points and passing through the 
point designating the position of electron I. Similarly 
& defines a hyperbola which passes through the same 
point. By revolving such a system of confocal ellipses 
and hyperbolas about the line joining the nuclei as 
axis, there is obtained a set of confocal ellipsoids and ~ 
hyperboloids, which (see Figure 56 in Appendix IV) 
intersect along circles. These circles lie in planes per- 
pendicular to the axis and have their centers on this 
axis. Hence, in order to specify the position of the 
electron, we require not only \ and uw (which define a 
particular circle) but also 6, the angle which a line 
passing through the center and the point makes with a 
fixed axis. 

As shown in Appendix IV, the element of volume is 
given by 


D3 
dr = = (M ~ ut) dddude (438) 


Hence, in terms of these coérdinate variables, 
sat ee a, 
Ps a (2 — u?)ddAdude 
D3 
= 4 ae (a2 — p?)dAdu 


since the limits of 6 are 0 and 27, and we can therefore 
integrate directly with respect to this variable. 

The limits for the other variables are defined by 
1<A<o;-—-1<y4<1. Expressing the integral as 
the product of one integral with respect to A and of the 
other with respect to yu, 


D3 © 1 1 
Ss a | eo Pnan$ fF Mdy — f vdul 
4/i =! —1 


} The significance of \ and yu in these equations is, of course, 
not to be confused with the interpretations used in other connec- 
tions. 





Dre 
ai al «—Dd (2d? — 2/3)dr 
1 


1 ° e-2 2 dias Sapeea e* 
=f, x*dx aS> dx 


where x = Dd. The expressions for these integrals 

have been given previously in Chapter IX. Conse- 

quently, we obtain the result, 
S=e%{1+D+4+(1/3) D*} 


Figure 55 shows that the value of S? varies from 1 
for p = OtoOforp = o~. 


(439) 











- F/ag 
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FIGURE 55.—PLOT OF THE FUNCTION S? AS A FUNCTION 
OF INTERNUCLEAR DISTANCE 


We shall now consider the relation for Ej, as given 
in equation (433). The first term on the right-hand 
side is 


I= ff Vo (pi? + $2”) dujdv:? = 


«Sfleri)ir tana 


and since the two electrons are equivalent it follows that 
we can write 


2 
r= + ay 


J, =e ff }uaCaynn(2) {1/re) dv;dvz. 


This integral represents the repulsive energy between 
the two electronic charge distributions represented by 
ua? (1) and up? (2), that is, by the two functions 

ua? (1) = = i dy, 


us 


us2) = = f ¢~20m doy 


Now according to equation (335b), Chapter IX, the 
potential at the point p = pai = pa, due to the electron 
distribution about the point B is given by 


wc }t — 1 (1 + on) (440) 


Vies) = 


where pp represents pp. 
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Hence the interaction energy of the charge distribu- 
tion about the point B with a similar distribution about 
the point A is given by 


a (uta 
J; = = fo 
ao PB 


a ety — €— 2p (1 + ox){ doy. 


a 7 PB 


\1 — €—2pp (1 + »){ dv. 


where pa = pa}. 

Introducing the confocal elliptic codrdinates defined 
by equation (437), and integrating with respect to @, 
the last equation assumes the form, 


e= D2? fe-DA+z) 
ag ee — 
Ji a f: > (A p?) dddu. 


(A — 


\1 = e-Do-m (142 -” 


SL coe [Eo 0 + wae - 

fo oma fi otn (142-2) an] 
Stolp ermfiyerees frome fia) 
‘So mae ide meet bo axl 


e[p-vm (bet e P+ 2) 


In the case of the four negative terms on the right- 
hand side of equation (433), which involve respectively 
the four reciprocal distances pai~', ppe~', pae', and 
pB,~', it follows from the equivalence of the electrons 
that each of these terms represents the attractive energy 
due to interaction of an electron charge distribution 
about one of the nuclei, say A, with the positive charge 
at the other nucleus, B. Denoting each of these four 
terms by Je, it follows from equation (440) and the re- 
lation R = aoD, that 


(441) 


th = 1—e PL + D){ (442) 


aD 
Consequently 


2 
Ey = ; + Ii — 2s: (443) 


2 €~2D 
= 142 (444) 


«72D 3D? D3 Sy 
ae D 


“6 


From the plot in Figure 51 of £,; against D it will be 
observed that for D > 1.4 approximately, the expression 
has a negative value. This signifies that for distances 
beyond D = 1.4, the Coulomb attractive energy between 
the nuclei and the negative charge distributions ex- 
ceeds the total repulsive energy which exists between 
the two nuclei and also between the two electronic 
charge distributions. The Coulomb forces of attrac- 
tion and of repulsion are equal at the distance D = 1.9, 
approximately, for which 0£,/0D = 

We now have to evaluate the different integrals 
which occur in equation (434) for the energy Ey. Be- 
cause of the equivalence of the electrons, it follows that 
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the four negative terms must each be equal to the same 
integral. Let us consider the integral 


2 
f Vidouorande, = © fus2un(2)den fata = SK; 


where 
he (Pay + PB) 


dv, 


PAL 


Using the transformation to confocal elliptic coérdi- 
nates defined by equations (437) and (438), it follows 


that 
K:= of emma fi (A — udu 
1 —y 


ao 2 
and therefore, 
2 
SK, = © .Se-?(1+D) 
a 


oo. 4D? Ds 
ee wi +2 + * +2) (445) 


The first integral on the right-hand side of equation 
(434) is 


2 
fir digady,dv, = ; - S? + K; 


2 
Ki = = f bx6s(1/ou) dv,dvz 


Consequently we obtain the result 


Ex = ¢e2, ~ + Ki = 2SKe (447) 
Heitler and London did not evaluate the integral in 
equation (446), but concluded that 
e 5S? 
Ki< de fc 
However, Y. Sugiura* showed, as a result of a 
lengthy calculation, that the integral could be repre- 
sented by the relation, ; 


aw ( 28 4 2D Ds 
K=2[-« gt +apt+ F)+ 


iS (C +n D) + S,2 Ei (— 4D) — 255,Ei (— 2p) ] (448) 


where 
C = Euler’s constant = 0.5772 
Si = €? (1 — D + D?/3) 


In = natural logarithm, 


Ei(x) = Integral logarithm} = . 
: 1 1 x? lL = 
ee Es Oi gether So ee 
Ei(—x) C+ qlinx x+5 a SZ 
As a result of his calculation, Sugiura derived a mini- 
mum value for the interaction energy, 1, of —3.2 v.e. 
for D = 1.4 (R = 0.80 A.), which is about 0.8 v.e. 
i ‘ 
* Suciura, Z. Physik, 45, 484 (1927). 
} Values of this function are given in ‘‘Funktionentafeln,”’ by 
E. JAHNKE AND F. Empe, B. G. Teubner, Berlin, 1928, pp. 19-22. 
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lower than that obtained by HL, but still above the 
observed value, —4.73 v.e.f 


APPENDIX IV 


TRANSFORMATION FROM CARTESIAN TO CONFOCAL ELLIP- 
TIC COORDINATES 


In Chapter V-A the relations were developed for the 
transformation from rectangular or Cartesian to spheri- 
cal polar coérdinates. Also the expression was given 
for the Laplacian operator in terms of these codrdi- 
nates. 

As stated in Chapter X, Part I, it is convenient in 
the case of problems involving two-center systems to 
choose confocal elliptic coérdinates. The consideration 
of Figure 56 will illustrate the physical significance of 
this codrdinate system. 


= 














56a 566 
FIGURE 56.—CONFOCAL ELLIPTIC COORDINATES 


If 2a designates the distance between two points 
regarded as foci of a system of ellipses and hyperbolas, 
then the major axis of any one ellipse is given by 


CD = 2a/e, 


where e, (< 1) is the eccentricity of the given ellipse. 
Similarly, for any confocal hyperbola, the major 
axis is given by 
C'D’ = 2a/es 


where é2 (2 1) is the eccentricity of the hyperbola. 
For any point, P’, at which these two curves inter- 
sect, ' 
AP’ + BP’ = ra + 7p = 2a/e, = 2ad (7) 
and 
AP’ — BP’ =r, — rp 2ap (iz) 


2a/es 


where A = 1/e, and wp = 1 /e. 

Thus, each ellipse of the system of confocal conics 
has a definite value of A, and similarly, each confocal 
hyperbola has a definite value of u, so that a point, P, 
may be designated by specifying the values of \ and u 
for the two confocal conics which intersect there. 

If now we rotate these curves about AB as axis of 
revolution, there are obtained a series of confocal coni- 

} The energy of formation of Hz from the atoms is, of course, 
+4.73 v.e. This value is greater than the observed energy of 
dissociation of Hz because the latter does not include the ‘‘zero 


point’’ energy of vibration of the nuclei, as will be discussed more 
fully in a subsequent section. 
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coids which in this case are known as prolate spheroids. 
The ellipsoids and hyperboloids of revolution will inter- 
sect along circles such as that indicated in Figure 56d, 
and hence it is necessary to introduce a third codérdinate 
variable, the angle 9, which specifies the position of P 
on the circumference of the circle, with respect to a 
fixed plane (indicated by the line P’NP’) which passes 
through the axis AB. 

It is necessary now to derive the relations between 
the variables, A,u,9 and the rectangular variables 
x,y,z. Assuming that the x-axis coincides with the 
axis of revolution, AB, that the z-axis is in the plane of 
the figure and passes through the origin, O, in the mid 
point of AB, while the y-axis projects at right angles to 
the plane containing Oz and Ox, we can set down the 
following relations which are derived in any textbook 
on solid geometry. 

2 2 2 
= + rent -=@? (iit) 
(1 — 17s) ” 

At the point P the same values of x,y,z must satisfy 

both of these equations. Hence, 
r2 = y? + 3? = a? (A? — 1) (1 — 2?) 


This defines the radius, r(= NP), of the circle along 
which the two surfaces intersect, and consequently, as 
is evident from Figure 56d, 

y =a V(r? — 1) (1 — v2) sin 6 (v) 
z=av (2? — 1) (1 — pn’): cos 0 (vi) 








By substituting in either equation (#7) or (7), it 
is readily shown that 


x = anu (vii) 


As in Chapter V-A, we now have to determine the 
three constants a), d,, and a», which connect the ele- 
ments of volume as expressed in the two systems of co- 
ordinates, according to the relation, 


dxdydz = V/ aydyae-dddyd . 


Since A, u, and @ form an orthogonal system of co- 
ordinates, it follows that 


n= (8)= 8) +) +@) 

--()-G) +@)+@) 

--()'-@)+@)+@) 
where ds? = (dx)? + (dy)? + (dz)?*. 


These differential coefficients, as derived from equa- 
tions (v), (vt), and (viz), are as follows. 


| a) ee : Vas 
Ae Beer a 


dz 1 — a 
SA Xa cos 6 vis —E 


(viat) 


(ix) 
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a ’ Az — 1 
.. " * ou ua sin @ ra) 


i =i) 
Ou ” DL = 





=a V(r? — 1) (1 — pz?) -cos 0 





= -a V@?— 1) — #4) -sino 


ds 
20 


Hence, 

a? (A? ou p?) 
QF — 1) 
a? (\? — y?) 
(1 — pn?) 


(xv) 


Qu = 
ag = a? (d? — 1) (1 — p?) (xvi) 
and 
dxdydz = a? (A? — yw) dd\dudo (xvii) 
The same result follows from the relation in terms of 
the Jacobian, which is of the form, 


dx dy de 
OA OA OA 
de dy ds 
Ou Op Ou 
Ox Oy Oz 


08 Op 08 


As may be verified by direct substitution from equa- 
tions (x2), (x2), and (x17), the value of the determinant 
is found to be a (A? — y?), 

Applying the rules stated in Chapter V-A for ex- 
pressing the Laplacian operator in terms of the vari- 
ables A, wu, and 4, it is readily deduced that 


P= sara am Lin] OD at + 3-9 Sef + 
(A2 — p? °? me 
ae os * Sm (xvii) 
When the S. equation for a two-center system is ex- 
pressed in terms of these variables it is usually much 
more convenient to separate the equation into three 
ordinary differential equations, and thus obtain a solu- 
tion, than when other systems of variables are used.* 
There are other orthogonal systems of coérdinate 
variables which have been found convenient in solving 
many-body problems, and a more complete discussion 
of such systems may be found in the work by E. 
Madelung, + and also in that by L. Pauling and E. B. 
Wilson, Jr.t 
~* See discussion by H. BertuHe in ‘Handbuch der Physik,” 
XXIV, Part 1, Julius Springer, Berlin, 1933, p. 530 et seg. A 
further discussion of the usefulness of elliptic coérdinates in the 


treatment of the two-center problem will be found in the paper 
by W. G. BarBeR AND H. R. Hass&, Proc. Cambridge Phil. 


Soc., 31, 564 (1935). 
7 E. Mapetunc, “Die mathematischen Hilfsmittel des 
Physikers,’’ Julius Springer, Berlin, 1925, pp. 82-91. 
ft PAULING AND WILSON, loc. cit., p. 103, and Appendix IV, 


p. 443. 
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Montana State College, Bozeman, Montana 


Editor's Note-—The Mathematical Problem page will 
be suspended during the vacation months (July, August, 
and September). It is the present plan to resume publica- 
tion in the October number. In the interim comments 
upon the page as it has been conducted, and suggestions 
for its future conduct are invited by Director and Editor. 


SOLUTIONS TO MAY PROBLEMS 


1. dy/dx = ky; dy/y = kdx; Iny = kx +C 
When x = 0, y = yo and C = Inyo. The solution of the 
equation can be written in the form, In (y/yo) = kx. Ata 
value of x = x, and y = y; we have In (y:/yo) = kx. Divid- 
ing these last two equations to eliminate k we obtain In- 


(2)/n (*) =~. This can be written as In (2) 
Yo Ys 1 Yo 


VN */mr , ea 
In (2) . If the logarithms of two quantities are equal, 
Yo 
~ 


the quantities themselves are equal. We have, 2 = 
0 


x/x1 V1 1/x : ‘ 
(2) . St C= (2) and we obtain the desired 
Yo 


Yo 
form of the equation, y = yoC*. 


The solution of the first-order equation is In (< ) = —kt, 
Co 


To solve for k we can write the equation in the form, — k = 


a log (< ). The value of ¢ is obtained by subtracting 
co 


from the given titration value the titration value at com- 
plete reaction. It is not necessary to know the normality of 
the standard solution since this value cancels out of the 
concentration ratio. Thus, to calculate k for the 48-minute 
interval we have, co = 19.04 — 10.71 = 8.33 and c = 17.60 — 
10.71 = 6.89. 

= 22m log 6.80 = —3.96 X 1073 

48 8.33 


The values of k are summarized in the table and we see that 
they are constant within experimental error, which proves 
that the reaction is of the first order. 


1/t 
From problem 1 we have C = (2) or log C = b log (¢) . 
Co t Co 


1 6.89 
log C is log 3.33 0.00174. 
Using the geometrical-progression form to compute log ¢ for 
the 76-minute interval,we have log c = log (coC*t) = log 
co + t log C. 
log c = log 8.33 + 76(—0.00174) = 0.92065 — 0.13224 = 
0.78841, or to the proper number of significant figures, 0.788. 
The agreement between the experimental values of log c and 
the calculated values of log ¢ are also given in the table. 
It is to be noticed that the geometrical progression form is 
particularly useful when the time intervals are all some simple 
multiples of a common unit. 
The first-order equation can be written in the form, d(In 
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c)/dt = —k. This shows us that the slope of the curve Inc 
(or log c) vs. ¢ is a constant, or that the curve is a straight 
line. The curve obtained by plotting log ¢ vs. ¢ is shown in 
Figure 1. 





i i 
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FIGURE 1 





log ¢ k X 10% log c (Calculated) 


0.921 

0.838 , 

0.792 ¥ 0.788 
0.707 ' 0.706 
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0.509 , 0.5065 
0.425 ‘ ; 0.418 


Time 
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48 
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204 
238 
289 
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Let V = volume of the bulb = 3000 cm.’, a = inflow of gas 
per sec. = 200 cm.’, y = concentration of oxygen at any time, 
#. Since pure oxygen is flowing in, adt cm.’ flow in while 
aydt cm.* of the gas in the bulb at any instant flow out. The 
total oxygen content at time ¢ is Vy and the change in time 
dtis Vdy. We have that the change in time dt equals inflow 
minus output, or, $ 

Vdy = adt — aydt = a(1l — y) dt. 

The solution of this equation is In(l — y) = —at/V + C. 
Since at ¢ = 0, y = 0.21, C = 1n 0.79. We have as our final 
solution 


— = In (52). 
a 0.79 


For the conditions of our problem we have 


fe, a ee 208 og Oem 90.6 ane. 


200 0.79 
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KEEPING UP WITH CHEMISTRY 


A bright nickel. Anon. Ind. Bull. Arthur D. Little, Inc.. 
110, 1 (Mar. 1936).—Both chromium and nickel are benefiting 
by processes for electrodepositing nickel in plates of such thick- 
ness that polishing is unnecessary. Before a durable and weath- 
er-resistant chromium plate may be deposited, a series of opera- 
tions is required. A steel part, for example, before it is plated is 
likely to require pickling, polishing, and cleaning. As chromium 
plate tends to have minute cracks occasioning corrosion and to be 
difficult and expensive to deposit in any thickness, it is applied 
usually only as a very thin coating upon a thicker plate of nickel, 
perhaps 0.0005” of nickel, followed by a plate of 0.0002” of soft 
copper, buffed to smooth out any irregularities, followed by 
another 0.0005” of nickel with a dull surface of moderately fine 
crystals. It is then polished to a smoothness and _ brilliance 
adequate for the final thin plate of chromium (0.0001”). Bright 
nickel plating processes electrodeposit nickel with a brilliant 
surface, generally requiring no subsequent polishing. This is 
accomplished by introducing into the plating solution organic 
colloids, such as nickel benzoldisulfonate. They are deposited 
into the plate with the metallic nickel and prevent growth of 
nickel crystals believed to cause dullness. Bright-nickel plates 
increase in brilliance with their thickness. When built up to an 
aggregate thickness of 0.001”, common in commercial practice, 
they provide a mirror finish permitting the intermediate plate of 
copper to be omitted if desired and the plate to be transferred 
directly from the cleaning operations to the nickel bath to the 
chromium bath. Bright-nickel tends to tarnish less slowly than 
ordinary nickel. The disadvantage of bright-nickel has been 
that it has a tendency to be considerably less ductile than ordi- 
nary nickel. This difficulty is now being overcome by a bright- 
plating process in which a little cobalt is co-deposited with the 
nickel. G. O. 

Energetic jets. Anon. Jnd. Bull. Arthur D. Little, Inc., 
110, 2-3 (Mar., 1936).—From a utilitarian standpoint, the 
newly discovered substance, deuterium, better known as heavy 
hydrogen, has not appeared very promising. Yet an important 
use has been developed for it. It has been found possible to 
produce jets of deuterium gas of such high velocity that the 
energy due to speed alone in one pound of the gas is equal to 
that obtainable from the combustion of 2500 tons of coal. The 
apparatus for producing such jets resembles a short-wave radio 
transmitter operating between the poles of a powerful magnet. 
When the jets come in contact with various substances, remark- 
able changes in these substances occur. Samples of common salt 
have been made radioactive by deuterium jets. This radioactive 
salt has possibilities in medicine because it is very dangerous to 
introduce radium compounds into the blood for relief of suffering 
as there is no way of getting rid of the radium afterward (the 
activity of radium continues practically undiminished) and pro- 
longed exposure to radium is dangerous; but since radioactive 
salt leaves no residue of radioactive substance, but decays to 
common salt and a little harmless magnesium chloride, it may 
prove possible to give it by mouth or injection and obtain the 
beneficial effects of radium without its dangers. G. O. 

The synthesis of ammonia—I. E. B. R. Pripeaux. Sch. 
Sci. Rev., 17, 191-202 (Dec., 1935).—A discussion of the syn- 
thesis of ammonia, covering: early attempts; conditions of 
favorable equilibria and economic operation; and the prepara- 
tion and efficiency of catalysts and the theory of their action. 

Ss. W 


The synthesis of ammonia—II. E. B. R. Pripeaux. Sch. Sct. 
Rev., 17, 331-40 (Mar., 1936).—A discussion of the Haber, Claude, 
Fauser, and Casale processes. Increase in synthetic nitrogen, as 
compared with that derived from Chile saltpeter and by-product 
ammonia, has continued from 1925 to the present year. In 1930 
the world’s production of combined nitrogen was 2.2 million tons, 


of which about 1.3 million tons were derived from synthetic am- 
monia and cyanamide. Ss. W. 

The chemistry of plant respiration. W.O. James. Sch. Sci. 
Rev., 17, 265-81 (Dec., 1935).—A review of the prevailing 
theories with 39 references. Ss. W. 

Crystal urea—its industrial uses. J. F.L. BERLINER. Chem. 
Industries, 38, 237-42 (Mar., 1936).—One hundred references 
are given at the end of this article, which discusses the various 
uses of crystal urea. 

Until 1935 the world’s supply of synthetic solid urea was largely 
manufactured in Germany. In 1932 the Belle, W. Va., plant of 
the Ammonia Department, E. I. du Pont de Nemours & Co., Inc., 
began shipments of urea-ammonia liquor or ‘‘Ual,’’ essentially a 
solution of crude urea in ammonia, for use in the ammoniation of 
superphosphate fertilizers. Late in 1935 this plant began the 
first commercial production of solid urea in the United States. 

During the World War, as an emergency measure, small quanti- 
ties of urea were manufactured in Canada and by the du Pont 
Company from calcium cyanamide. A pilot plant for the pro- 
duction of urea by the hydrolysis of calcium cyanamide was 
operated at Niagara Falls in 1925 but did not attain commercial 
development. Urea is now manufactured from ammonia and 
carbon dioxide. Crystal urea, the term being applied to the 
urea produced in the United States, differs from the imported com- 
mercial grade by being purer and freer from foreign matter, and 
by being crystallized in uniform, small, short prisms instead of 
the familiar long needle-shaped crystals. Crystal form is im- 
portant in handling, transporting, and storing. It promotes 
freer flowing and freedom from caking due to crystal matting. 

Prior to the War, urea was imported in small quantities, pri- 
marily as a fertilizer and as a stabilizer for pyroxylin plastics. 
On September 21, 1922, the ad valorem duty of 25 per cent. was 
increased to 35 per cent. and on June 18, 1930, all import duty 
was removed. Besides the technical and fertilizer grades, urea is 
also imported to a small extent as ‘“‘Calurea,”’ a fertilizer material 
Ca(NOs3)24CO(NH2)2 containing 60 per cent. urea by weight. 
— imports of all grades since 1925 are given in the following 
table: 


UREA IMPORTS INTO CONTINENTAL UNITED STATES 
(Exclusive of ‘‘Calurea’’) in Short Tons 


Imports Imports 
189 7275 
407 4592 


894 5004 
4535 
3765 


* Import duty of 35% removed June 18, 1930. 


While it is difficult to allocate the distribution of imported 
urea, it is estimated that at present about 40 per cent. is em- 
ployed in fertilizers and about 35 per cent. in the manufacture of 
urea-formaldehyde resins. The manufacture of urea resins, 
beginning about 1930, consumed 750 tons of urea in 1932 and, 
in 1935, somewhat more than twice this amount. 

The industrial importance of urea js rapidly growing and its 
uses are many and varied. It finds application in medicine, 
textile printing and delustering, fireproofing, fermentation proc- 
esses, in the manufacture of adhesives, varnishes, enamels, 
pharmaceuticals, pyroxylin, plastics, cellulose ethers and esters, 
dyes, explosives, and for a number of other purposes. The re- 
cent advent of a dependable domestic supply is already stimulat- 
ing the industrial development of a number of new and important 
uses. As ds 

Vitamin-carrier studies. XIV. The antiscorbutic properties 
of the rutabaga. S. N. Matzxo. Z. Untersuch. Lebensm., 70, 
280-2 (Oct., 1935)—The juice of the white-pulped rutabaga 
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tested during November, December, and January contained not 
less than 570 vitamin C units per liter. The minimum prophylac- 
tic dose for young guinea pigs lies between 0.35 and 1.75 cc. 

The juice of the yellow-pulped rutabaga tested during March, 
April, and May contained less than 570 vitamin C units per 
liter, and its minimum prophylactic dose is more than 1. a ce. 


E. D. W. 

A study of the chemical nature of vitamin B, and methods for 
its preparation in a concentrated state. T. W. BIRCH AND 
P. GyOrcy. Biochem. J., 30, 304-15 (Feb., 1936).—With boil- 
ing H2O or alcohol only 25% of the vitamin Bg is extracted from 
fish muscle, and about 40% from wheat germ. On autolysis 
quantitative extraction is obtained from wheat germ, but the 
yields from fish muscle are variable. For complete extraction 
from fish muscle, hydrolysis of the tissue by papain is necessary. 

Vitamin B, is not precipitated by salts of Pb, Hg, or Ag, or by 
picric acid. It is adsorbed on fuller’s earth from acid solution, 
is precipitated by phosphotungstic acid, and migrates toward 
the cathode on electrodialysis. 

The observation by other workers that the vitamin is present 
in fats may be explained by the observation that fat has a sparing 
action on the vitamin. E. D. W. 

Oceans of raw ag? for magnesium compounds. P. D. V. 
MANNING. Chem. & Met. Eng., 43, 116-9 (Mar., 1936). ——The 
first great chemical industry working on sea water is the salt 
industry. Bromine is also being produced on a commercial 
scale. 

For the last ten years a plant has been operating on the inland 
shores of San Francisco Bay. It is making 22 different mag- 
nesium compounds, producing daily 10,000 lb. of various types 
of finished carbonates, hydroxides, and oxides. In operating 
practice 100 gal. of bay water is used to produce 1 Ib. of MgO. 
This has been made possible through the development of in- 
genious’ equipment and closely controlled operating technic. 
The water is first freed from suspended impurities and carbon 
dioxide in the form of bicarbonates. The magnesium is con- 
verted into Mg(OH). by use of Ca (OH)2 and removed as this 
compound. J. W. H. 

Producing hydrogen by catalytic water-gas reaction. F. G. 
LAUPICHLER. Chem. & Met. Eng., 43, 122-6 (Mar., 1936).—The 
use of hydrogen for making synthetic ammonia and motor fuels 
has resulted in a study of the various methods of obtaining 
this gas. This paper reports studies made on the well-known 
water-gas reaction for the catalytic conversion of carbon mon- 
oxide into carbon dioxide and hydrogen through the action of 
steam. The system consists of a saturator, heat exchangers, re- 
action vessels, and coolers. Je. We Ee. 

Cigaret industry rules out rule-of-thumb. R. M. Cons, 
W. H. Hatcuer, AND W. F. GREENWALD. Chem. & Met. Eng., 
43, 128-31 (Mar., 1936).—Technical progress is no more evi- 
dent in any other branch of chemical industry than in cigaret 
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making. Leaf tobacco cannot be handled without breakage 
unless it contains over 14% water; and it cannot be stored with- 
out molding if the water exceeds 13%. In cigaret manufacture, 
therefore, there is a continuous cycle of drying and humidifying. 

A flow sheet of the process follows: 

Storage ——> sweat rooms —> pulling-up room ——> order- 
ing machine —-> stemming machine ——> picking tables —~> 
sand screen ——> storage ——> blending conveyor —~> dust 
separator ——> magnetic separator ——> casing cylinders —~> 
heaters ——~> cutting machine —~» dryer ——> cooler —~> 
storage ——> cigaret-making machine. 

The equilibrium relative humidity for average cigaret blend 
at 70°F. and 12% water is about 68%; in order to reduce this to 
about 55% (an average for American climates) it is necessary to 
add some more hygroscopic substance. In the past, millions of 
pounds of glycerin have been used for this. More recently, 
diethylene glycol has come into use, as it better fulfils the re- 
quirements of being combustible, non-toxic, odorless, and con- 
tributing nothing deleterious to the smoke. J. Wat. 

Making city gas non-poisonous. F.H. P. Scnuttz. Chem. 
Industries, 38, 245-7 (Mar., 1936).—Interest is being shown, 
particularly in Europe, in making illuminating gas non-toxic by 
eliminating the carbon monoxide, or at least bringing the CO 
content down until the gas, to all intents and purposes, is non- 
poisonous. The only practical application of the process so far 
is in Germany, where the carbon monoxide is treated by catalytic 
oxidation with the aid of steam to form carbon dioxide. 

If the CO content is reduced to 0.2 per cent., the gas is still 
lethal if directly inhaled from a tube. On the other hand, a gas 
containing 1 to 1.5 per cent. CO is probably not fatal when gas 
taps are turned on in a room with ordinary natural ventilation. 
This has been proved by direct experiment and is supported by 
two bona fide unsuccessful attempts at suicide by inhaling a city 
gas with a CO content of about 1 per cent. That these two 
suicides were determined was borne out by the fact that one 
subsequently hanged himself, while the other chose drowning. 


Some authorities claim that reducing the carbon monoxide 
content below 1.25 per cent. would increase the danger of acci- 
dental gas explosions. Above this content, the physiological 
effects of the gas, as shown by a definite feeling of uneasiness, 
would make themselves felt before the concentration of gas in a 
room reached that of an explosive mixture. Below this content, 
however, the explosive mixture would be reached before un- 
easiness was felt. In the latter case, a match might inadvert- 
ently be struck and an explosion result. The smell of the gas 
might give sufficient warning. If, however, the gas leakage was 
slight but cumulative, the gradually increasing smell might not 
be noticed, while gas entering a house through underground 
leakage is often practically odorless. Thus, a careless consumer, 
thinking that the detoxification renders gas foolproof, might 
forget that its explosive properties are retained. A. T.8. 


HISTORICAL AND BIBLIOGRAPHICAL 


The Watt Bicentenary celebrations. Various AUTHORS. 
Nature, 137, 131-7 (Jan. 25, 1936).—This is an account of the 
Watt Bicentenary Celebrations, part of which took place in 
Greenock where Watt was born January 19, 1736. It was here 
that Lord Rutherford delivered the Watt Anniversary Lecture 
on the ‘‘Transformation of Energy” (pp. 135-7). Other cele- 
brations followed in the Science Museum in South Kensington, 
in London, where is kept Watt’s original garret workshop with 
allits contents. Ina broadcast from the Museum, many Ameri- 
cans heard the aged rumbling of Watt’s old engine. The Bishop 
of Knaresborough (pp. 133-4) commemorated his service in a 
sermon in Westminster Abbey where the statue of the inventor 
stands in the chapel of St. Paul. 

Watt made his start in Glasgow in 1757 as instrument-maker 
for the University, occupying a room in the precincts of the Col- 
lege. Here he attracted the attention of Joseph Black, professor 
of chemistry. ‘‘I found him,’’ he says, ‘‘to be a young man pos- 
sessing most uncommon talents for mechanical knowledge and 


practice, with an originality, readiness and copiousness of in- 
vention which often surprised and delighted me in our frequent 
conversations together.”” The two men became close friends, 
and Black’s affection for Watt lasted to the end of his life. Watt 
profited immeasurably from his contact*with this inspiring mind, 
and was also kept in touch with the most advanced scientific 
thought of the day. He realized his debt to Black. ‘“‘To him 
I owe,” he said, ‘‘in great measure my being what I am; he 
taught me to reason and experiment in natural philosophy, and 
was always a true friend and adviser.’”’ Black aided Watt in 
his experiments by explaining the mysteries of ‘“‘Latent Heat,” 
and introduced him later to Roebuck, who financed his experi- 
ments on the steam engine. It is probable that Watt also 
suggested independently the composition of water. F. B. D. 
Letters of an alchemist from Lausitz from the years 1496-1506. 
W. GAUGENMULLER. Angew. Chem., 48, 761-4 (Dec. 7, 1935).— 
A report on 11 letters written by the alchemist Georg Goer and 
available at the library of Heidelberg University. L. S. 


PROFESSIONAL 


Academic freedom and tenure. Report of committee ‘A.’ 
C. Witrke. Bull. Am. Assoc. Univ. Profs., 22, 101-6 (Feb., 
1936).—In 1935, Committee ‘‘A” considered sevent-four cases 
involving alleged violations of the Association’s principles of 
academic freedom and tenure. In an encouragingly large num- 
ber of cases, listed as ‘‘withdrawn,”’ satisfactory settlements were 


reached. The following institutions remain on the Association’s 
ineligible list: United States Naval Academy, Rollins College, 
Brenau College, and DePauw University. The Council approved 
the recommendation of Committee ‘‘A,’’ that the University of 
Pittsburgh be placed upon the ineligible list, and there is no 
evidence that conditions at Pittsburgh have materially changed 
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since the last report published in February. As in other years, 
the number of cases involving academic tenure greatly exceed 
the number of cases in which questions of academic freedom are 
a factor. Fairness, tact, and wisdom are not monopolies of 
professors; neither are they of presidents and boards of trustees. 
With reference to the elimination of the unfit, the lazy, and the 
inefficient—the Association will lose all influence if it refuses to 
permit an institution to improve its effectiveness by eliminating 
dead wood. It is difficult to apply a “rule of reason’’ to cases 
of academic freedom, especially in times like these. ‘‘Humanity 
has struck its tents and is again on the move,” and we are trying 
in the midst of an economic, political, and social revolution to 
determine what is best for us todo. Twenty-two states require 
teachers’ oaths. Are teachers alone to be singled out for such 
treatment? Teachers’ oath laws may be the entering wedge for 
a goose-stepping totalitarian state, and in an atmosphere of 
intimidation, espionage, fear, and hypocrisy, learning cannot 
thrive. The tyranny of public opinion in a democracy may be- 
come as dangerous as the absolutism of the despot. 

It is true that teachers must justify their academic freedom by 
qualifying themselves to use it. A teacher should never abandon 
the methods of the scholar for exhibitionism. The whole question 
of academic freedom is merely a part of the larger concept of 
freedom of speech in America. If we do not believe in the latter, 
it is useless to discuss the former. J... G. 

Pensions and insurance. Report of committee “P.’? E. W. 
Patterson. Bull. Am. Assoc. Univ. Profs., 22, 111-3 (Feb., 
1936).—The movement for social security is gaining momentum. 
In the year 1936 it is likely to become one of the chief political 
issues. The Townsend plan, with its promise of seemingly 
Utopian benefits, is gaining many adherents. The Federal 
Social Security Act, with more modest expectations, has already 
been enacted, and will go into effect (as to the old-age pensions), 
on January 1, 1937. The year 1936 will probably bring further 
improvement in the financial conditions of colleges and universi- 
ties, and thus make possible a revival of plans for pensions and 
annuity systems. With these factors in mind, it behooves the 
members of this association to be devoting more attention to the 
amelioration of the economic situation of the retired professor. 
The Federal Social Security Act is not applicable to ‘‘charitable, 
religious, educational, or scientific institutions,’ nor is it ap- 
plicable to the employees of a state or its political subdivision. 
Hence its old-age benefits will not be available to college or 
university professors. Two general types of retirement plans 
are now in use. One may be called the self-insurance plan, the 
other the insurance plan. Under the self-insurance plan, the 
institution establishes its own guarantees of retiring allowances, 
or its faculty members share in the retirement benefits established 
by the state or municipality or the religious body which maintains 
the college or university. The provisions of government retire- 
ment systems applicable to teachers are set forth in Bulletin 
No. 6 (1934) of the Department of the Interior (price five cents). 
In 1934, twenty-seven college or university faculties came within 
the benefits of federal, state, municipal, or institutional retire- 
ment systems, including retirement systems established by religi- 
ous denominations or other non-governmental institutions. 
Seven colleges or universities maintained retirement funds as a 
part of the college funds or of closely related funds. The straight 
insurance plan involves the making of contracts with an outside 
insurance company, whereby the professor and the college or 
university each contributes to the payment of premiums on a 
deferred annuity contract. Under such a plan, the choice of the 
insurance company is of vital importance. Annuities upon the 
lives of college professors call for special conservatism because of 
the exceptional, not to say excessive, lognevity of professors. 
In 1934, ninety-four colleges and universities in the United States 
and ten in Canada had retirement systems maintained by the 
contributory deferred annuity policies of the Teachers Insurance 
and Annuity Association of America, and five used the deferred 
annuity contracts of other life insurance companies. The Teachers 
Insurance and Annuity Association of America was established 
in 1918 by the Carnegie Corporation. Two pamphlets published 
by this association may be obtained by writing to 522 Fifth 
Ave., New York City. j. 1. %. 

Chemical engineer’s role in America’s future. C. C. FURNAS. 
Chem. & Met. Eng., 43, 60-3 (Feb., 1936).—The chemical engi- 
neer is just now coming of age and is looking to the unexplored 
horizons to see what he can acquire by right of conquest. But 
he is going to give a great deal more than he will receive. His 
task will be an immensely complex one. 

Following are a few of the problems about to be thrown on his 


broad shoulders. 
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Liquid Fuel. Within 10 years liquid fuels are going to present 
some interesting problems. It is of vital importance that the 
chemical engineer start solving these problems without delay. 

Energy. What will be the ultimate source of energy for a high 
state of civilization after coal is gone? Chemical engineers must 
ultimately bridge the gap between a light quantum speeding from 
the sun and a scurrying electron in the winding of an electric 
motor. He must point the way and blaze the trail. 

Agriculture. Agricultural distress will never be permanently 
relieved until the industry is placed on a scientific and engineering 
basis. The great problem is to discover new uses for agricultural 
products. Farms are mammoth producers of billions of tons of 
raw materials—but we have only made a start at using them. 

Food. Most so-called food ‘‘manufacture’’ is really ‘‘prepara- 
tion,” and the industry is run by rule of thumb. But the time will 
come when such necessities in diet as calcium phosphate, protein, 
and the vitamins will have to be synthesized more cheaply than 
they can at present be obtained from natural sources. 

The Sea. Bromine is being profitably prepared from sea water. 
Can we mine other elements, especially metals, from the same 
source? 

New Products. Among needed new products are a perfect 
plastic, better paint for frame houses, more durable paving ma- 
terials, better alloys, a true synthetic ‘silk. . W.H. 

Man location. J. H. Perry. Chem. & Met. Eng., 43, 68-71 
(Feb., 1936).—One of management’s most important functions 
is that of finding the right man for the right job at the right time 
and place. Technical men frequently have a single niche, and 
only one, in which they fit peculiarly well. Some men are espe- 
cially adapted to manufacturing operations, others to research, 
sales, engineering, advertising, publicity, or other branches of 
activity. 

The selection of the group that investigates ideas requires 
great care from the strictly economic aspect as well as that of 
organization morale. An investigator should have broad knowl- 
edge and experience in order that he may be logical and impartial. 
He is one of the principal sources of new ideas, products, and proc- 
esses. He must have an appreciation of economics and of the 
ultimate goal—profit to his organization. 

The design, operation, and interpretation of results of the pilot 
plant demand a man of superior qualifications. He must be 
practical, yet appreciative of the research viewpoint. 

Nowhere is faulty man-location more apparent than in the 
sales department. Honesty and tact are the salesman’s greatest 
assets. 

To everyone concerned—students, educators, subordinates, 
and superiors—this matter of man-location is one for earnest 
thought and planning if the best results are to be obtained. 

J. W. H. 

Adult education with reference to the chemist. W.L. HypEn 
AND H. W. Post. The Chemist, 12, 299-302 (Oct., 1935).—Be- 
cause of the highly specialized training of the chemist and his 
tendency to use in his conversation terms not understood by 
laymen, he must be constantly on guard not to become a recluse. 
He should study cultural subjects and in general train himself to 
understand the views of his associates. Of course he should not 
neglect to keep informed with respect to fundamental education 
in his own field. This should be accomplished by reading modern 
texts, monographs, scientific journals, etc., and by attendance at 
and. participation in scientific meetings. A college professor 
should have little difficulty in keeping up with these requirements, 
and he should make every effort to carry on some research in- 
vestigation. ‘‘A scholarship which does not produce is sterile.”’ 
There should be closer relationship between industrial chemists 
and those engaged in chemical education. Both groups would 
profit by this. ‘‘Seminars under joint industrial-university man- 
agement can be made of inestimable value if properly conducted.” 
Topics for discussion should be as theoretical as possible but 
practical aspects should be considered. E. R. W. 

Personality in the laboratory. N. F. MacDonatp. The 
Chemist, 13, 398-402 (Jan., 1936).—The requirements in person- 
ality and training required of a chief chemist in order that his 
laboratory may function quietly, smoothly, and efficiently are 
outlined briefly. The chief chemist should be a quiet, deliberate 
gentleman. He should be keen, intelligent, and well trained for 
his position. He should be confident of his ability and he should 
feel secure in his position; he will then be able to work with his 
men and will not need to try to impress them with his importance. 
He should encourage discussion of problems with those who assist 
him and be diplomatic in his reactions to their suggestions. Such 
a man can stimulate his staff, encourage it to assume responsi- 
bility, win its coéperation, and secure its confidence. E. R. W. 
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MEN, MONEY AND MOLECULES. 
Chemical Industries. Third edition. 
Co., Inc., Garden City, New York, 1936. 
13 X 19cm. 11 illustrations. $1.50. 


Some little books have a great deal to tell us and this is one of 
them. The author says, “Making chemicals is a complicated 
business. It involves a nice combination of chemistry, engi- 
neering, and economics. All three elements are closely inter- 
related.” This is true, but it is often very difficult for the student 
looking out from the laboratory to realize that science has an 
economic aspect and it is still harder for the layman looking into 
the laboratory to realize that society about him is dependent on 
what comes out of these walls. Mr. Haynes has succeeded 
admirably in showing both sides how essential they are to each 
other. His is a simple history of the part played by the chemical 
industry in producing modern civilization, including its economic 
and political aspects, and being written by a man with a very 
happy faculty for exposition, the chapters will be interesting to 
layman and student alike. He has endeavored to present the 
subject a little from the American point of view, and that is no 
harm, because he makes us more conscious than we perhaps are 
that we are leaders in the making and using of processed mole- 
cules. 

Chapter I, Molecule Making, points out that it is the industry 
engaged in this art that exemplifies the fact that progress means 
better living conditions for all concerned, including the working 
man in the plant. 

Chapter II, Man Puts Chemicals to Work, is a lightning sur- 
vey of the whole history of chemical manufacture from the cave- 
man tothecartel. It is well done. 


Chapter III, Molecules and Machines, carries a title that is self- 


explanatory. 

Chapter IV, Chemicals Come to America, is our side of the 
question. 

Chapter V, Munitions and Molecules, treats of the interplay 
of Chemistry and the World War, showing how the former deter- 
mined the course of the latter, and describes the rise in impor- 
tance of the industry after the conflict. 

Chapter VI, The Ultra-modern Industry, emphasizes the 
rapidity with which conditions are changing. It emphasizes par- 
ticularly the tremendous economic growth of the chemical manu- 
facturing companies—how they grew from small scattered units 
to larger and still larger ones, until now they are extremely well 
organized to serve the public. 

Chapter VII, Making Chemicals, deals with the making of 
chemicals as a plant process. This again is a very successful 
effort to make clear to the layman what is going on in the factory. 

Chapter VIII, Chemicals in Commerce, deals with the com- 
mercial aspects of chemicals. 

Chapter IX, Chemical Substitutes, deals with the question 
of chemical substitutes in an effort to do away with the stigma 
attached to the designation, and points out that in general the 
products of the factory are cheaper and better than those they 
displace. 

Chapter X, Chemical Revolution, jumps from what is to what 
may be, and leaves one with the feeling, which is thoroughly 
justified by the facts, that we are still only on the threshold of 
the era of synthesized molecules as the basis for society. 

The illustrations are excellent points of emphasis on the story. 

The book is to be recommended to young and old, layman and 
expert. 

At least one little error has crept in, and that is the formula 
given for arsphenamine, which has been freely transcribed by the 
typesetter. 

R. E. Rose 


E. I, pu Pont pE Nemours & Co., INc, 
TECHNICAL LABORATORY 
ORGANIC CHEMICALS DEPARTMENT 
WILMINGTON, DELAWARE 


James B. Conant. Revised with the 
The Macmillan Co., New York 
14 X 22cm. $2.60. 


ORGANIC CHEMISTRY. 
assistance of Max Tishler. 
City, 1936. ix + 293 pp. 27 figs. 


This is a new issue of an old favorite. ‘‘Mechanisms and 
theoretical interpretations such as the electronic theory have 
been omitted; certain new material of biochemical importance 
has been added.”” The transformation of an amine into an alco- 
hol by nitrous acid has been omitted in the interest of truth. 
As in the former edition, the subject is begun with a study of the 
alcohols. The last two chapters, occupying 21 pages, are de- 
voted to compounds of biological interest. 

The treatment is clear and the material well chosen; the view of 
organic chemistry which it gives is probably as good as could be 
crowded into this space. There is no mention of organic sulfur 
compounds except aromatic sulfonic acids. 

E. EMMET REID 


Tue Jouns Hopkins UNIVERSITY 
BALTIMORE, MARYLAND 


Tue PuysicaL Worup. Louis M. Heil, Associate Professor of 
Electrical Engineering and Physics, Ohio University. P. 
Blakiston’s Son and Co., Inc., 1012 Walnut Street, Phila- 
delphia, 1936. ix + 566 pp. 426 illustrations. 14.5 X 21 
cm. $2.75. 


This book was written to meet ‘‘the need of a text book in the 
field of so-called ‘cultural’ physics—adapted for those who are 
not going into science, but who desire to know something about 
physics and still not be frightened away by mathematical for- 
mulae and endless problems,” and ‘‘a growing demand for a text 
book in physical science; that is, one combining astronomy, 
physics, and chemistry mainly.” It is intended ‘“‘to analyze 
physical science’’ for the non-technical student ‘“‘by means of ac- 
curate descriptions.” 

The subject matter is presented in eleven “units.” 
introductory unit, ‘“‘The Origin and Meaning of Science,” is a 
brief history of the development of experimental science. ‘The 
External World”’ is concerned with an astronomical description 
of the universe at large. ‘‘Fundamental Concepts of Matter and 
Forces” deals with some characteristics of bulk matter, density, 
pressure, buoyancy, and with ‘‘forces at rest,’’ their composi- 
tion and resolution, together with simple machines. Under 
“Forces in Motion” the concepts of inertia and energy are de- 
veloped. The molecule and the phenomena attributed to it 
through the molecular assumptions are described in ‘‘Fine Struc- 
ture of Matter.’’ The units, ““The Nature of Heat,” ‘‘Sound,”’ 
“Magnetism and Electricity, Their Behavior and Applica- 
tions,’ and ‘‘Characteristics of Light’”’*describe the usually men- 
tioned phenomena in each field and refer to the more complicated 
applications of the principles involved. ‘‘Matter and Its Trans- 
formations” contains a presentation of elementary chemical 
concepts and a general discussion of atomic structure. In 
“X-rays and Radioactivity” is provided a description of X-rays 
and their uses and a discussion of the nucleus of the atom. 

Problems and questions are given for each unit, with a supple- 
mentary list at the end of the book. Numerous references to 
books and journals are contained in each unit. Illustrations are 
profusely scattered throughout the text. 

The material contained in the text carries the reader through 
the whole field of physics, with special emphasis on those sections 
which the writer deems most essential. The problems in present- 
day physics are referred to by mere mention in passing, as, for 
example, the dual nature of matter. As the author notes, the 
discussion of astronomical facts might possibly have been pre- 
sented better later in the text, after various terms had been de- 
veloped. Since the electron is such an important factor in our 
current concepts in physics, it seems that it should be assigned a 
relatively more important position than is accorded it in the text. 
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The unit on chemical concepts might well have been incorporated 
earlier in the book. 

As one reads the text there is a feeling of a lack of continuity, 
of a need for coherent threads binding the vast collection of 
observable, apparently uncodrdinated phenomena into a con- 
tiguous whole. Will the average non-specialist in physics appre- 
ciate the scientific field properly if he is not made conscious of an 
orderliness throughout the array of physical phenomena, which 
as individuals are very interesting, but when viewed as a whole 
may appear isolated and uncoérdinated? Will his interest and 
appreciation be lost if he is made to understand the basic, funda- 
mental principles and laws for which his numerous phenomena 
are only examples and applications? If these be properly en- 
visioned, he can see his scientific world from the ‘‘matter-in- 
the-bulk,’’ the molecular, and the subatomic viewpoints. 

- CHARLES G. EICHLIN 


UNIVERSITY OF MARYLAND 
COLLEGE ParRK, MARYLAND 


DICTIONARY OF ORGANIC COMPOUNDS. VoLUME II. J. M. 
Heilbron and H. M. Bunbury, Editors, and W. E. Jones, 
Assistant Editor. Oxford University Press, New York City, 
1936. xii + 846 pp. 19 X 26cm. $30.00. 


The second volume of this excellent reference compilation, 
which was discussed in detail in TH1s JouRNAL, 12, 99 (Feb., 
1935), has now appeared. The subjects from eccaine to myrttllin 
chloride are covered in Volume II. The standard set by the first 
volume is well maintained. Otto REINMUTH 


GLANCES AT INDUSTRIAL RESEARCH. Edward R. Weidlein and 
William A. Hamor, Mellon Institute of Industrial Research, 
Pittsburgh, Pa. Reinhold Publishing Corp., New York City, 
1936. x+246pp. 25figs. 12 *19cm. $2.75. 


As indicated by the title explanation (During Walks & Talks at 


Mellon Institute), the purpose of this volume is to publicize the 


work of the Mellon Institute. At the same time, the authors 
have succeeded in presenting distinctly worth-while and read- 
able material. To business men who are interested in the indus- 
trial possibilities of chemical research, to students and teachers of 
chemistry who have had little experience with industrial applica- 
tions of chemistry, and to industrial chemists who are seeking to 
widen their usefulness, much of the book will prove of decided 
interest. Part IV, in particular, which deals with questions of 
industrial research management, succeeds in stating and clarify- 
ing a number of conceptions regarding the relationship between 
business and science which at the best have been nebulous in the 
minds of many. Chapters VIII and IX, which are of primary 
appeal to the student who is still at work on his chemical educa- 
tion, would probably have been improved by simpler language. 
While they are clear to the executive who will eventually employ 
these students, they may leave the student himself considerably 
bewildered. We trust that the authors’ allegory of the Golden 
Fleece does not indicate that Dr. Zinsser’s ‘‘Rats, Lice and His- 
tory’’ has set a precedent of such caliber that all scientific writers 
will feel compelled to embellish their subjects with allusions to the 
classics. The authors will doubtless awaken the animosity of 
the feminine members of the profession by the unorthodox title 
of ‘‘Biochemistress’”’ which they have applied under the figure on 
page 162. This may be more than balanced by their statement 
on the opposite page that all employers of research chemists 
should allow at least $150.00 per year for traveling expenses to 
meetings of scientific societies. The volume is well worth the 
attention of chemical students, particularly those with indus- 
trial leanings. Due to its arrangement, the book need not be 
read as a whole, since the various chapters and sections stand 
clearly by themselves. Within the scope of its title, the book 
affords interesting glances at the achievements, possibilities, 
and control of industrial research; and while the instances cited 


refer particularly to the Mellon Institute, the generalities apply 
with equal force to industrial research in any organization. The 
volume is well written, printed with an especially clear and read- 
able type, and is remarkably free from typographical errors. 


The illustrations are clear and forceful. 
WituiaM F. TALsot 


Gustavus J. EssELEN, INc. 
Boston, Mass, 


Ernestine M. J. Long, Normandy High 
John S..Swift and Company, 
21 X 27 cm. 


LIVING CHEMISTRY. 
School, St. Louis, Missouri. 
Inc., St. Louis, 1935. xxiii + 214 pp. 39 figs. 
$1.00. 


Living Chemistry is a combination workbook and laboratory 
manual for a pandemic course in high-school chemistry. In part, 
the author says of her work: It is the first attempt 
which has been made to correlate major understandings, scientific 
methods of thinking, and character traits. The author has 
used other methods, but finds that this plan reduces failures. ... 
This is one of the few attempts which have been made to train 
pupils directly, through experimentation and class exercises, 
consciously to use the scientific method... .’’ The book is in 
keeping with the most modern principles of education for second- 
ary schools. The unit plan is used; the work within each unit is, 
in general, very well organized. However, as the author states, 
‘«’.. The work has been disorganized in some units to enable the 
pupil to fit the pieces together and see the whole pattern....’” 

The manual is composed of work sheets, directions and report 
blanks for experiments, and directions for optional work which 
the student must do in order to earn a grade higher than “‘C.” 
In general, the work sheets direct the student’s study and provide 
a place for recording some of the information thus obtained. 
These record sheets contain many of the completion type of 
question. which are, however, very well counterbalanced by the 
writing of short expositional reports. The experimental work 
may be classed under four headings: teacher demonstration, 
student demonstration, student group experiment, and individual 
student experiment. The optional work of the course consists 
largely of short essay reports and experiments which the student 
may help plan. The entire course runs the gamut from simple 
tests for mixtures and compounds to the digestion and assimila- 
tion of foods so completely that one wonders how the student 
carries away from the course the mental development and ap- 
preciation of natural law which even a high-school course in 
chemistry can give. 

One regrets the necessity, if such there be, of the use of such 
unit headings as, ‘‘On the Trail of the Negatron,”’ ‘‘ Diving in for 
Ions,’”’ ‘“‘Nosing Out the Non-Metals,’”’ or the giving of grade 
points for slogans and jokes on certain subjects. One also re- 
grets inaccuracies, such as, ‘‘Note that all chemical reactions. 
involve an interchange of negatrons.’’ The reviewer questions 
the wisdom of using the definitions: ‘‘An acid is a substance 
which dissociates protons,” ‘“‘A base is a substance which associ- 
ates protons,’’ or “‘Neutralizations can then be explained as reac- 
tions which involve the transfer of protons in the same way that 
oxidation involves the transfer of negatrons,” etc. One also. 
wonders at the necessity of such simplified expressions as, “‘.... 
sulfur joins with to give ” with students who are 
expected to ‘“‘make an analysis of the negatron and ionization 
theories.” 

Living Chemistry contains a full and excellent bibliography and 
is to be commended for its consistent effort to develop the inde- 
pendence and initiative of the student and to instil in him intellec- 
tual honesty. The book is worthy of the consideration of those 
desiring to make a study of present-day methods in secondary 
schools. 

H. H. FILvINGER 


Ho.uins COLLEGE 
VIRGINIA 














IDENTIFICATION OF PHENOLS 


with 2.4-Dinitrochlorobenzene 


SyARP melting points, widely separated, characterize the ethers formed by 
phenols with 2.4-dinitrochlorobenzene. These products, which are highly 
crystalline, are easily formed and offer a simple and accurate method for the 
identification of phenols. The melting points of twenty-eight phenol deriva- 
tives and the method of preparation are described by Bost and Nicholson, 


J. A. C.S. 57, 2368. 


Eastman 2.4-Dinitrochlorobenzene is supplied in a purified grade suita- 
ble for such analytical work. An abstract of the article describing the proce- 
dure will be promptly forwarded upon request. Eastman Kodak Company, 


Chemical Sales Division, Rochester, N. Y. 
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TRADE ANNOUNCEMENTS 


New Water-soluble “Resin” 


Commercial production has just been started on a new water- 
soluble ‘‘resin.” Abopon is an odorless water-white liquid 
“resin’”’ soluble in water but not soluble in any other liquid. It 
is a pure complex chemical compound and not a mixture. Abo- 
pon forms films within a few minutes on drying in the air. It 
dries to a smooth, non-tacky, flexible, glossy film. It is neutral 
and non-hygroscopic, and spreads readily. It is more viscous 
and denser than glycerin. It is entirely inorganic and is non- 
combustible. It is not affected by moderate amounts of strong 
acids or alkalies. It possesses strong adhesive properties. 

Its indicated uses are as a suspending medium for pigments 
and abrasives and as a grinding medium for colors and pigments. 
As a wetting medium for pectin, gum tragacanth, gum karaya, 
and other water swelling materials, it prevents lumping and has- 
tens dispersion. It serves as a sealer for surfaces which are to 
be lacquered or painted, and as a temporary coating for wares 
on display, to prevent soiling. This coating is washed off by 
the consumer, exposing a clean surface for use. 

Abopon has definite sizing, glazing, detergent, scouring, and 
degumming properties for paper and textiles. It is an excellent 
adhesive for glass, metal, paper, leather, textiles, etc., and re- 
places silicate of soda where alkalinity is detrimental. Because 
it does not discolor or crystallize in any way, it can be used as 
an adhesive in making safety glass. It has excellent fire-proofing 
properties and will not powder out like the usual salts. Itisa 
heat insulator and can be used as a binder for inorganic and 
organic materials. Water inks made with it have a glossy finish. 

Abopon is made by the Glyco Products Company, Inc., 949 
Broadway, New York City. 


National Conference on Visual Education and Film Exhibition 


The sixth session of this conference, formerly known as the 
De Vry Summer School of Visual Education, will be held June 
22 to 25 at the Francis W. Parker School, 330 Webster Ave. 
(opposite Lincoln Park), Chicago, Ill. Advance registration 
should be made with the National Conference on Visual Educa- 
tion, 1111 Center St., Chicago. Membership and admission are 
free, 

The daily program will be: 

9 to 12 A.M. Continuous Film Exhibitions. Selected indus- 
trial and educational films as examples of best current practice. 
After the running of each film, advertising men and teachers will 
discuss good and bad points for the purposes indicated. Discus- 
sion will include photographic and scenario technic, advertising, 
sales or training values, and educational values. As a rule, rep- 
resentatives of producers and sponsors will be present and will 
lead the discussions. Each member will be given a rating card 
for marking each film and, at the end of the sessions, all of the 
votes will be sorted and an Honor List of Non-theatrical Films 
will be announced in the order of preference. 

lto3 P.M. Developments in Visual Education, by Its Leading 
Exponents. 

3 to 3:15 P.M. Recess. 

3:15 to 5:00 P.M. Film Exhibitions Continued. 

7:30 to 10:00 P.M. Film Exhibitions Continued. 


Catalogs and Other Trade Literature 


“Kimble Brand Lamp and Mould Blown Laboratory Glass- 
ware (Ungraduated). Illustrated Price List.’’ Kimble Glass 


Company, Vineland, N. J. 57 pp., 21.5 X 28 cm.—lIncidentally, 
many of the cuts are excellent models for the chemical draftsman. 

“Kimble Normax Graduated Laboratory Glassware. Illus- 
trated Price List.’”’ Kimble Glass Company, Vineland, N. J. 
15 pp., 21.5 K 28 cm. 

“New and Improved Laboratory Tools. 
Schaar & Company, 754 West Mather St., Chicago, Ill. 
19.5 X 27.5 cm. 

“The Simplified Pyroptical Pyrometer. Catalog No. 70.” 
The Pyrometer Instrument Company, 103-105 Lafayette St., 
New York City. 6-pagefolder. 21.5 X 28cm. 

“The Spectrum Measuring Microscope.” Bausch & Lomb 
Optical Co., Rochester, N. Y. 4-pagefolder. 15.5 X 23.5cm. 

“Monel Metal and Nickel in the Manufacture of Pharmaceuti- 
cals, Fine Chemical and Proprietary Products. Bulletin C-4.’’ 
The International Nickel Company, Inc., 67 Wall St., New York 
City. 16pp.,21.5 X 28cm. Profusely illustrated. 

“Chemicals by Glyco.’’ Glyco Products Co., Inc., 949 Broad- 
way, New York City. 36 pp., 138.5 X 20.6cm. Describes Glyco 
products and their uses and gives many formulas. 

“Leitz Profile (Contour) Projectors. Pamphlet No. 7229.” 
E. Leitz, Inc., 60 East Tenth St., New York City. 27 pp., 18 X 
25.5 cm. 

“Trent Laboratory Apparatus Heated Electrically. Leaflet 
TD-23.” Harold E. Trent Company, 618-640 North 54th St., 
Philadelphia, Pa. 6pp., 21.5 X 28cm. 

‘‘Micromax Smoke-density Recorders. Catalog N-93.”’ Leeds 
& Northrup Company, 4902 Stenton Ave., Philadelphia, Pa. 16 
pp., 19.5 X 26.5cm. 

“For Improved Gassing of Beet Juices—Micromax pH Re- 
corder. Bulletin 709-B.”’ Leeds & Northrup Company, Phila- 
delphia, Pa. 12 pp., 19.5 X 27 cm. 

“Nutritional Charts for Medical and Other Specialists. Sec- 
ond Edition.’’ Prepared by the Research Department of H. J. 
Heinz Company, N. S., Pittsburgh, Pa., under the direction of 
E. R. Harding, head of the Heinz Investigational work at Mellon 
Institute. 27. pp., 29.5 X 23 cm. Copies will be supplied 
gratis to all medical, dental, dietetic, and food specialists. 

“Chemical Porcelain Ware by Coors.’? The Coors Porcelain 
Company, Golden, Colorado. 56 pp., 13 X 19 cm. Profusely 
illustrated description of the manufacture of Laboratory por- 
celain ware, from the digging of the clay to the final testing and 
inspection. 

“The Ultra-thermostat after Héppler.’”’ Fisch-Schurman Cor- 
poration, 230 East 45th St., New York City. 4-page folder, 21 
X 28 cm. 


Catalog No. 36.” 
112 pp., 


Coleman pH Electrometer 


Portable glass electrodes and reference electrodes, requiring 
no preparation, are available, filled and hermetically sealed at 
the factory. The Coleman pH electrometer, using these elec- 
trodes and a potentiometric circuit employing vacuum tube 
amplification, is announced by the Wilkens-Anderson Co., 111 
North Canal St., Chicago, Ill. 

The pH readings are read directly from a scale 9 inches long, on 
the edge of a dial. Asymmetric potential changes and tempera- 
ture errors are minimized by adjustment of a built-in compen- 
sating resistor and by the use of the substitution method, calibrat- 
ing with a known buffer standard. No storage battery is re- 
quired, nor other equipment except distilled wash water; so that 
this glass electrode may be utilized at the machine or vat in the 
plant, as well as in the laboratory. 








